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that  the  chief  obstacles  to  good  execution 
the  weakness  of  the  fourth  and  fifth  fingers, 
passing  the  fourth  finger  over  the  thumb, 
-"uities  the   following  Exercises   have   been 
object   is  to   place   the   weak   fingers   on   a 
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.lat  a  more  marked  improvement  in  technique 
'  daily  practice  of  the  following  Exercises 
■    hour's  daily  practice  of  ordinary  finger- 
-icti   lav-ility   of  execution   is   noticeable    after   a 
short  trial  of  ».cn  days. 

Part  I.  will  be  found  quite  suitable  to  students  in  the  elementary 
stages,  and  whilst  strengthening  the  weak  fingers  affords  an  excellent 
practice  for  transposition. 

Part  IL  will  greatly  assist  the  performance  of  all  scale  and  arpeggio 
passages,  and  tend  to  overcome  the  executional  difficulties  generally  met 
with  in  advanced  works. 
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PREFACE. 


Although  there  exist  many  and  varied  books  dealing  with 
Sound  in  its  different  aspects,  there  are  none,  so  far  as  the  author 
■of  the  present  Httle  work  is  aware,  specially  devoted  to  the  subject 
of  Harmonics  treated  experimentally  in  a  simple  and  elementary 
form. 

Of  all  matters  connected  with  music,  perhaps  one  of  the  most 
interesting  and  fascinating  is  the  wonderful  power  and  influence 
exercised  by  harmonics  in  determining  what  is  known  as  the 
■tone-colour  {klangfarhe)  of  various  instruments  and  sounds. 
Students  and  others  who  think  of  harmonics  only  as  peculiar 
effects  produced  by  players  upon  stringed  instruments,  and  who 
have  made  no  attempt  to  analyse  the  constituent  parts  of 
so-called  single  sounds  (which  are  compound  sounds),  can  hardly 
form  an  idea  of  the  marvellous  variety  which  exists  in  tone- 
colour. 

In  studying  the  following  chapters  the  experiments  described 
should  be  made  in  the  order  in  which  they  are  given.  Students 
who  do  not  play  the  violin  may  have  to  omit  the  Violin 
Experiments,  but  nevertheless  they  should  read  the  entire  work 
in  order  to  understand  the  subject  clearly. 

The  author's  very  grateful  thanks  are  due  to  his  friend 
Dr.  W.  G.  McNaught  for  his  valuable  suggestions  and  never- 
failing  help  and  assistance. 

C.  E.  L. 
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LESSONS  IN 
HARMONICS   AND    RESULTANTS. 


ELEMENTARY  EXPLANATIONS   S-    EXPERIMENTS 
FOR    VIOLIN   S-   OTHER   MUSICAL   STUDENTS, 


CHAPTER   I.— SOUND   AND   VIBRATION. 

1.  The  laws  which  govern  the  production  of  Harmonics  and 
Resultants  are  necessarily  part  of  the  general  laws  of  Sound  or 
Acoustics.  It  will  therefore  be  advisable  to  state  a  few  simple 
facts  about  sound  in  general  before  approaching  the  particular 
object  of  this  elementary  treatise. 

Cause  of  Sound. 

2.  Sound  is  produced  by  concussion  or  motion  resulting  from 
some  form  of  action  or  employment  of  energy,  as  in  striking  a 
gong,  plucking  or  bowing  on  a  string,  clapping  the  hands, 
dropping  a  book,  etc.  The  movement  of  the  material  or  matter 
agitated  causes  a  vibration,  which  is  conveyed  to  the  air,  and 
produces  what  are  termed  Wave-Motions,  or  Atmospheric 
Vibrations. 

Transference  of  Vibratory  Movement. 

3.  These  wave-motions  travel  "  to-and-fro,"  or  "forward  and 
backward  " ;  that  is  to  say,  a  pendular  movement  is  set  up  in  the 
particles  of  air.  The  particles  first  affected  communicate  their 
movements  to  the  particles  next  in  their  path,  and  then  recede  in 
the  opposite  direction  before  finally  coming  to  rest  in  their 
original  position.  In  this  manner  vibrations  are  carried  through 
the  air,  and  eventually  the  particles  outside  the  ear  are  reached. 
Then  the  wave-motions  or  vibrations,  beating  against  the 
membrane  or  drum  of  the  ear,  cause  a  sensation  which  is 
conveyed  to  the  brain,  and  is  called  Sound. 


^ 
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To-and-Fro  Movement. 


4.  A  simple  example  of  "  to-and-fro "  movement  can  be 
observed  with  a  row  of  railway  carriages  at  rest.  If  the  end 
carriage  is  given  a  push,  as  when  couphng-on  another  carriage, 
it  communicates  the  impulse  to  its  neighbour,  which  again 
delivers  the  motion  to  the  third  carriage,  and  so  on.  In  this 
manner  the  movement  is  carried  along  throughout  the  entire 
row,  each  carriage  moving  backwards  (through  the  resiliency 
of  the  springs  in  the  buffers)  after  it  has  performed  its  work  of 
forwarding -on  the  original  impulse. 

Sound-Waves  are  carried  in  all  Directions. 

5.  When  any  form  of  concussion  or  action  takes  place,  as,  for 
instance,  in  the  examples  given  in  par.  2,  a  great  many  of  the  air 
particles  are  affected  at  the  same  time.  As  each  particle  behaves 
in  the  same  manner  as  that  described  in  par.  3,  the  waves  of 
vibration  are  as  a  consequence  carried  about  in  all  directions  in 
concentric  spheres.  As  these  circles  increase  in  size  the 
vibratory  energy  of  the  air  particles  correspondingly  lessens, 
until  at  last  it  ceases  altogether.  It  will  help  the  student  tO' 
better  understand  the  means  by  which  sound  is  propagated 
through  the  air  if  he  notices  the  effect  of  dropping  a  stone  into 
smooth  water.  A  series  of  concentric  circles  is  immediately 
formed,  beginning  with  very  small  ones,  which  show  great 
energy  in  imparting  their  movements  to  their  neighbours,  but 
always  gradually  extending  in  size,  although  lessening  in  vigour. 
Eventually  they  entirely  cease,  and  the  water  returns  to  its 
former  placid  condition. 

Speaking-Tubes. 

6.  That  it  is  simple  enough  to  limit  or  confine  the  directions 
in  which  vibrations  first  begin  to  move  can  be  easily  proved  ;  as, 
for  example,  in  the  familiar  instance  of  a  speaking-tube.  When 
speaking  into  one  end  of  the  tube  the  atmospheric  vibrations 
caused  by  the  voice  are  confined  in  a  small  compass,  and  are 
consequently  sent  forth  with  a  concentrated  force  which  enables 
them  to  be  distinctly  heard  a  considerable  distance  away.  See 
also  PAR.  28. 

Music  and  Noise. 

7.  When  vibrations  follow  each  other  at  regular  intervals  of 
time  and  are  of  sufficient  rapidity,  they  produce  sounds  which 
may  be  termed   Musical,^  inasmuch   as  they  have   a  definite 

1  All  musical  sounds  have  not  necessarily  a  pleasing  effect.      They  may 
have  a  definite  pitch  and  yet  be  very  harsh. 
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pitch  corresponding  to  some  note,  as  C,  E7,  F|;,  etc.  When, 
however,  the  vibrations  are  otherwise  than  thus  described  the 
effect  they  produce  may  be  termed  Noise. 

8.  Tyndall  remarks  that  if  a  pigeon  could  flap  its  wings  at,  say, 
the  rate  of  a  hundred  times  per  second,  its  flight  through  the  air 
would  be  accompanied  by  a  musical  sound.  Sufficient  rapidity 
for  this  effect  is,  indeed,  obtained  by  the  humming  bird,  which, 
whilst  hovering,  apparently  motionless,  over  a  flower,  moves  its 
wings  with  such  remarkable  rapidity  (too  great  to  be  actually 
seen,  the  wings  appearing  in  a  kind  of  haze)  that  a  humming 
musical  sound  is  produced,  thereby  giving  origin  to  the  name  of 
the  bird.  Another  familiar  instance  may  be  cited,  too,  in  the 
singing  noise  made  by  a  mosquito  or  a  bluebottle,  produced, 
likewise,  by  a  rapid  movement  of  the  wings  in  flying. 

The  Cultivation  of  the  Ear. 

g.  All  musical  students  are  strongly  urged  to  follow  Schumann's 
advice  to  cultivate  the  ear.  Find  the  exact  pitch  of  your 
bicycle-bell,  dinner-gong,  the  strike  of  the  clock,  the  notes  of  the 
cuckoo,  etc.^  Various  musical  tones  can  be  excited  by  tapping 
glass  globes  ;  by  lightly  pressing  a  wetted  finger  round  the  thin 
edge  of  drinking  glasses  (in  this  latter  case  it  is  possible  to 
obtain  a  complete  octave  of  notes  by  varying  the  quantity  of 
water  in  each  glass)  ;  and  very  shrill  sounds  can  be  procured  by 
bowing  with  a  well-resined  bow  on  the  edge  of  a  thin  glass 
finger-bowl,  etc. 

The  Unison  of  Sounds. 

10.  Whenever  two  sounds  from  similar  or  different  sources 
perfectly  agree  in  pitch,  the  reason  for  this  agreement  is  that  the 
vibrations  which  cause  the  sounds  are  exactly  equal  in  number. 
Sounds  such  as  these  are  said  to  be  in  Unison.^ 

Satisfactory  Vibrations, 

11.  Sounds  in  general  musical  use  are  produced  by  vibrations 
ranging  from  about  28  to  4,160  per  second.  These  extremes 
correspond  to  the  deepest  A  and  the  highest  C  of  a  7^-octave 
pianoforte.  It  is  impossible  to  count  these  vibrations;  but  by 
the  aid  of  a  special  acoustical  instrument  called  the  Siren,  or 
Syren,  the  number  of  vibrations  per  second  of  a  note  of  any  pitch 
can  be  accurately  ascertained. 


2  The  writer,  for  instance,  passing  through  a  squeaking  swing-gate,  found 
that  it  squeaked  B  flat  above  the  treble  stave  when  it  was  pushed  one  way,  and 
an  octave  lower  when  it  swung  back  again. 

*  See  also  chap,  x.,  pars.  118,  119. 
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Unsatisfactory  Vibrations. 

12.  Vibrations  much  below  28  per  second  hardly  affect  the  ear 
as  a  musical  sound,  and  when  they  exceed  about  4,160  per 
second  they  become  difficult,  and  very  soon  impossible  to  distin- 
guish as  regards  their  definite  pitch  ;  what  are  really  vibrations 
of  different  rates  sounding  nearly  all  alike.  Consequently,  there 
is  no  utility  in  extending  the  compass  of  the  modern  pianoforte 
of  7|-  octaves  beyond,  perhaps,  an  extra  note  or  two.  Some 
organs  are,  however,  provided  with  stops  which  produce  deeper 
and  higher  sounds ;  but  these  are  exclusively  used  to  reinforce 
the  octaves. 

Limits  of  the  Pitch-distinguishing  Faculty 
of  the  Human  Ear. 

13.  When  vibrations  exceed  a  certain  high  limit  they  altogether 
cease  to  be  audible.  Some  ears  are  more  acute  than  others. 
One  person  will  hear  nothing  beyond,  say,  10,000  vibrations  per 
second,  while  another  may  be  able  to  distinguish  as  sound,  vibra- 
tions reaching  as  high  as  28,000,  which  is  about  the  limit  of  the 
human  ear.  Some  animals,  cats  and  dogs  for  instance,  will  often 
start  and  cry  in  distress  at  sounds  which  are  quite  inaudible  to 
the  human  ear. 

Variations  of  Standard  Pitches. 

14.  P  is  common  knowledge,  and  an  embarrassing  fact  to  all 
concerned  with  music,  that  pianofortes  are  often  tuned  to 
different  pitches.  A  few  years  ago  the  standard  "  Concert  "  or 
"Philharmonic  Pitch"  adopted  in  England  had  gradually  risen 
until  it  reached  540  vibrations  per  second  for  C  in  the  treble 
stave  : — 


Since  1896  the  pitch  more  generally  used  (at  the  Queen's  Hall, 
London,  etc.)  is  that  known  as  "  Diapason  Normal "  or  "  French 
Pitch."  This  produces  517  vibrations  for  the  same  C  as  above 
(a  difference  of,  practically,  a  semitone),  and  better  agrees  with 
the  pitch  used  in  the  time  of  Beethoven  (1770-1827).  Writers 
on  acoustics  often  adopt  what  is  termed  a  "Philosophical  Pitch" 
of  512  vibrations  for  C  in  the  treble  stave.  This  number  can  be 
divided  back  to  an  imaginary  C  of  one  vibration,  and  as  it  is  the 
simplest  theoretical  standard  for  making  calculations  it  will  be 
used  in  the  explanations  of  temperament  and  resultants  given  in 

CHAP.  X. 
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Transmission  of  Sound. 

(a)    THROUGH    AIR. 

15.  Sound  travels  (that  is  to  say,  vibrations  are  conveyed) 
through  air,  liquids,  and  solids.  They  most  often  reach  the  ear 
through  the  air  only  ;  as,  for  instance,  when  in  a  room  you  hear 
a  sound  originating  in  that  same  room,  or  when  out  of  doors  you 
hear  carts  rattling  in  the  street  in  which  you  are  walking.  But 
when  you  are  in  a  room  with  closed  windows  and  hear,  say, 
a  piano-organ  playing  in  the  street,  the  vibrations  have  to  travel 
first  through  the  air  in  the  street,  next  through  the  walls  and 
window  of  your  house,  and  then  through  the  air  of  the  room  you 
are  in  before  they  finally  beat  against  the  membrane  of  your  ear 
and  announce  themselves  as  sound. 


[b)    THROUGH    LIQUIDS. 

16.  If  a  bunch  of  keys  is  rattled,  or  a  bell  rung,  in  the  midst  of 
a  large  vessel  of  water  the  sound  can  be  perfectly  well  heard  ; 
thus  proving  that  vibrations  can  be  conveyed  through  water  or 
liquids  to  the  air  ;  furthermore,  a  person  swimming  or  holding 
the  head  under  water  will  distinctly  hear  a  sound,  such  as  a 
shout,  or  the  ringing  of  a  bell,  originating  in  the  air  above.  In 
the  former  cases  the  sounds^  travel  first  through  the  water 
and  then  through  the  air  before  they  reach  the  ear  ;  in  the  latter 
cases  the  conditions  are  just  reversed. 

(c)    THROUGH    SOLIDS. 

17.  Various  simple  means  can  be  employed  to  prove  that  sound 
travels  through  solid  matter;  as  by  pressing  one  end  of  an  iron, 
steel,  or  wooden  rod,  or  a  wax  candle,  etc.,  against  a  door,  and 
applying  the  stem  of  a  vibrating  tuning-fork  to  the  other  end. 
The  vibrations  travel  through  the  inediiim  or  conductor  (the 
agitation  or  quivering  of  which  can  be  felt  with  the  fingers)  and 
communicate  themselves  with  great  intensity  to  the  wood  of  the 
door.^  An  interesting  experiment,  too,  can  be  made  if  when 
taking  a  country  walk  you  come  across  the  long  trunk  of  a  hewn 
tree.  If  you  press  your  ear  against  one  end  whilst  some  one  taps 
or  scrapes  the  other  end  the  vibrations  will  run  through  the  solid 
mass  of  wood  and  be  most  distinctly  heard  by  you. 


^  It  must  be  understood  that  in  this  respect  the  expression  sotind  is  always 
meant  to  indicate  vibrations,  or  wave-motions. 
^  See  PAR.  22,  on  Resonance. 
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Vibrations  in  Contact  with  the  Ear. 

1 8.  Sounds  are  always  heard  with  greatly  increased  force  if 
the  ear  is  pressed  against  the  vibrating  body;  because  in  other 
circumstances,  as  a  rule,  much  of  the  energy  of  the  vibration  is 
distributed  over  a  large  space  of  air  (thereby  considerably 
weakening  the  tone)  before  it  reaches  the  ear.  If,  for  instance, 
one  side  of  a  piece  of  wood,  or  of  a  book,  is  pressed  against  the 
ear  and  the  other  side  is  touched  with  the  stem  of  a  vibrating 
tuning-fork  the  sound  is  so  intense  as  to  be  scarcely  bearable,  as 
a  consequence  of  the  full  shock  of  the  vibrations  beating  almost 
directly  against  the  delicate  membrane  of  the  ear. 


A  Vacuum  destroys  Vibrations. 

19.  Vibrations  will  not  travel  through  a  vacuum,  for  the 
simple  reason  that  there  will  be  no  medium  to  carry  them 
forward.  This  is  proved  by  placing,  say,  a  musical  box 
(suspended  by  silk  thread  so  that  it  shall  not  touch  any  surface 
which  would  convey  the  vibrations  to  the  air  outside)  in  a 
receiver  with  an  air-pump  attached.  While  there  is  air  in  the 
receiver  the  sound  will  be  heard  from  outside ;  but  as  soon  as 
the  last  particle  of  air  has  been  exhausted  the  sound  utterly 
ceases.^  The  ether  (the  subtile  medium  presumed  to  occupy 
all  space)  which  remains  in  the  vacuum  will  not  carry  forward 
these  vibrations  ;  but  as  soon  as  a  minute  portion  of  air  is 
re-admitted  into  the  receiver  the  sound  from  the  musical  box 
will  be  very  faintly  heard  again,  provided  it  has  not  run  itself 
down,  and  the  strength  of  the  tone  will  continue  to  increase  as 
more  air  is  admitted. 


Degrees  of  Loudness. 

20^  Sounds  not  only  vary  in  pitch  but  also  in  loudness  and 
tone-colour.^  Degrees  of  loudness  are  due  to  the  amplihide, 
and  not  to  the  rapidity  of  the  vibrations.  By  amplitude  is  meant 
the  largeness  or  width  of  the  swing  of  a  vibration.  For  instance, 
if  with  a  bow  one  plays  on  the  G  string  of  a  violin  softly  and 
slowly  the  amplitude  of  the  vibration  of  the  string  is  very  slight,. 


^  After  the  air  is  exhausted  the  receiver  may  be  filled  with  hydrogen  gas, 
which  is  about  fourteen  times  lighter  than  air.  After  the  gas  has  been  pumped 
cut  the  most  complete  vacuum  possible  (although  not  an  absolute  vacuum)  is 
obtained. 

"^  Variety  of  tone-colour  is  explained  later  on.     See  chap,  viii.,  par.  ii3(^> 
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somewhat  as  at  Fig.  A;  but  if  the  string  is  played-on  with  more 
strength  and  movement  of  the  bow  the  ampHtude  is  very  con- 
siderably increased,  as  at  Fig.  B  : — 

Fig.  a.  Fig.  B. 


The  smaller  and  greater  amplitudes  of  the  string,  as  exemplified 
above,  cause  a  correspondingly  smaller  and  greater  amplitude 
of  atmospheric  vibrations. 

Pendular  Law. 

21.  Another  simple  example  of  amplitude  can  be  shown  with  a 
piece  of  string  having  a  small  weight  attached  to  one  end. 
Hold  the  string  in  the  hand,  or  suspend  it  from  a  hook,  and  swing 
it  forwards  and  backwards  like  a  pendulum,  making  larger  or 
smaller  amplitudes  of  movement.  Provided  the  same  weight 
and  length  of  string  are  maintained,  the  time  occupied  in  a 
*'to-and-fro  "  movement  will  be  exactly  the  same,  whether  the 
amplitude  be  large  or  small. 

Resonance. 

22.  If  a  string  is  tightly  stretched  through  the  air  from  two 
points,  or  suspended  from  a  hook  and  tied  to  a  heavy  weight, 
and  then  plucked  or  bowed-on  it  will  produce  but  a  very  feeble 
sound.  This  is  because  the  vibration  of  the  string  alone  causes, 
comparatively  speaking,  a  very  slight  air-disturbance.  But  if  the 
string  is  stretched  across  some  material  which  will  vibrate  in 
sympathy  with  it,  the  larger  surface  thus  agitated  will  produce 
a  far  greater  atmospheric  wave-movement.  The  increase  of 
amplitude  thus  gained  is  called  Resonance.  For  example,  a 
tuning-fork  agitated  and  held  in  the  air  gives  forth  very  little  sound  ; 
but  the  moment  it  is  placed,  say,  on  a  wooden  surface  the  tone 
is  greatly  augmented,  and  especially  will  it  be  so  if  the  fork  is 
applied  to  a  small,  closed  wooden  box.  If  a  pen  or  nail,  etc.,  is 
placed  loose  inside  the  box  it  will  begin  to  jingle  as  soon  as  the 
vibrating  fork  is  applied  to  the  outside ;  proving  that  the 
vibration  is  being  carried  to  all  parts  of  the  wood. 

Resonance  in  Yiolins,  etc. 

23.  Violins,  etc.,  are  resonant  in  the  same  way  as  described 
above.  As  soon  as  a  string  is  sounded  every  part  of  the  violin 
begins  to  quiver.     The  bridge  conducts  the  vibrations  to  the 
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table,  and  the  little  wooden  sound-post  serves  to  further  conduct 
them  direct  to  the  back.  In  the  pianoforte  the  strings  are 
stretched  across  a  large  surface  of  wood  called  the  sounding- 
board. 

Vibration  in  Different  Woods. 

24.  Some  woods  vibrate  more  readily  than  others.  Thus  pine- 
wood,  of  which  the  table  of  the  violin  is  usually  made,  is  very 
porous,  and  vibrates  quickly;  but  maple,  of  which  the  back  is 
generally  made,  is  a  much  denser  wood,  and  consequently 
vibrates  more  slowly.  It  is  the  combination  of  the  porous  and 
dense  woods  which  helps,  with  the  aid  of  the  sound-post,  etc.,  to 
produce  a  good,  sonorous,  and  full  tone  in  a  violin. 

Sound  Conductors. 

25.  Some  mediums  are  better  than  others  as  sound-conductors, 
and  for  creating  resonance.  Thus  wood,  steel,  brass,  iron,  etc., 
are  excellent,  but  cork  and  indiarubber  are  not  good.  If  a  small 
piece  of  the  latter  material  is  placed  on  a  wooden  surface,  and 
the  stem  of  a  vibrating  tuning-fork  pressed  on  it,  the  sound  is 
very  slightly  reinforced  as  compared  to  the  result  obtained 
when  the  fork  is  applied  to  the  wood  only. 

Sympathetic  Vibrations. 

26.  Mediums  such  as  wood,  etc.,  resonate  to  a  sound  of  any 
pitch,  provided  they  are  placed  in  contact  with  the  vibrating 
body.  For  example,  the  wood  of  a  violin  vibrates  just  as  readily 
and  freely  to  one  note  played  on  it  as  to  another.  But  resonant 
vibration  can  only  be  occasioned  without  contact  under  certain 
definite  circumstances,  of  which  the  following  examples  will  give 
^simple  illustrations  : — (i.)  A  particular  note  (B,  G,  C,  as  the  case 
may  be)  played  on  a  violin  causes,  say,  a  suspended  bell-shaped 
gas  globe  in  the  room  to  vibrate,  while  a  note  of  a  different  pitch 
fails  to  elicit  any  response  from  the  same  object.  The  reason 
for  this  behaviour  is  that  the  pitch  of  the  note  which  caused  the 
globe  to  vibrate  was  the  same  as  that  of  the  globe  itself;  this 
can  \  be  proved  by  tapping  the  latter.  (2.)  While  playing  on  the 
pianoforte  some  article  in  the  room  begins  to  jingle.  If  it 
is  on  the  pianoforte  and  the  jingling  is  produced  by  the  playing 
of  various  notes  it  will  probably  be  excited  through  the  vibratory 
movement  of  the  wood  of  the  pianoforte  caused  by  the 
playing.  But  if  the  article  is  not  in  contact  with  the  pianoforte 
the  reason  will  be  the  same  as  that  given  above.  The  wave- 
motions  produced  by  the  violin  or  pianoforte  travel  about  the 
room  impinging  themselves  against  everything.  If  they  happen 
to  collide  with  a  medium  capable  of  naturally  vibrating  at  07tly 
the  same  rate  as  themselves  (that  is  to  say,  something  that  can 
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only  produce  a  similar  pitch),  they  will  set  it  in  motion,  in  many 
cases  too  feebly  to  be  heard  or  noticed,  but  sometimes  with 
sufficient  strength  to  produce  a  definite  sound.  Further 
examples  of  Sympathetic  Vibration  (as  this  form  of  resonance 
is  termed)  will  be  given  later  on.     See  pars.  55,  56.  ^ 

Resonance  in  Air. 

27.  Columns  of  air  also  create  resonance.  Thus  if  a  small, 
round  cardboard  box,  or  a  roll  of  paper,  say,  six  to  twelve  inches 
long,  and  opeji  at  either  end,  has  a  vibrating  tuning-fork  applied 
close  to  one  of  the  openings,  the  sound  from  the  fork  will  be 
considerably  reinforced.  When  the  column  of  air  is  closed  at  one 
end,  as  in  a  glass  jar,  it  must  be  of  a  particular  length,  according 
to  the  pitch  of  the  fork,  for  perfect  resonance.  This  is  an 
important  feature  in  organ  pipes.  ^ 

Reflection  of  Sound, 

28.  Sound  is  reflected  in  the  same  way  as  Light.  One  of  the 
most  familiar  instances  is  that  of  an  Echo.  A  sound-wave 
strikes  against  some  opposing  surface,  and  being  reflected  it 
produces  a  repetition  of  the  original  sound,  or  an  echo.  In  the 
case  of  a  speaking-tube  (mentioned  in  par.  6)  the  vibrations  are 
reflected  from  side  to  side  of  the  tube  as  they  travel  down. 

Velocity  of  Sound, 

29.  Sound  travels  at  various  degrees  of  speed  through  different 
mediums.  Its  velocity  in  air  of  the  temperature  of  60  degrees 
Fahrenheit  is  about  1,120  feet  per  second,  and  it  will  be  slightly 
7nore  or  less  according  to  whether  the  air  is  warmer  or  colder.  Its 
velocity  in  water  is  about  four  times  greater  than  the  above  ;  in 
iron  about  seventeen  times  greater  ;  and  in  pine-wood  about  ten 
times  greater.  The  reason  for  these  differences  is  that  vibrations 
pass  most  quickly  through  the  most  elastic  substances,  and 
liquids,  metals  and  wood  are  more  elastic  (as  compared  with 
their  respective  densities)  than  air. 

30.  Fortunately  all  sounds,  be  they  of  any  pitch,  loudness,  or 
quality,  travel  at  equal  rapidity  under  the  same  conditions.  If 
this  were  not  so  the  sounds  of  an  orchestra  would  be  quite  chaotic 
to  the  listener  a  little  distance  away.  It  should,  moreover,  be 
observed  that  although  sounds  become  weaker  the  farther  they 
travel,  they  do  not  lose  their  pitch  ;  the  air-vibrations  produced 
by  the  original  cause  continue  at  the  same  speed  until  they  are 
ultimately  lost  in  space. 

8  Sometimes   sympathetic  vibration  may  be  caused  by  the  harmonic  (or 
overtone)  of  a  note. 

9  All  musical   instruments   have  some  form  of  mechanism  or  means  for 
creating  resonance. 


V 
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CHAPTER  II.— THE  "OCTAVE  HARMONIC." 

31.  Violin  students  who  have  reached  the  stage  of  playing 
harmonics,  and  know  perfectly  well  how  to  produce  them,  are 
often  unaware  of  the  cause  for  thq  difference  in  sound  between 
stopped  notes  and  harmonics ;  that  is  to  say,  between  the 
sounds  produced  when  the  fingers  are  pressed  tightly  on  the 
strings  and  those  produced  when  the  strings  are  touched  lightly. 
Authors  of  violin  schools  rarely  attempt  an  explanation,  generally 
merely  giving  the  note  to  be  played  with  the  resulting  harmonic, 
thus — 

(result) 


i 


w- 


I   (harmonic) 


or,  at  most,  stating  something  to  this  effect:  "If  a  string  is 
touched  lightly  at  a  quarter  of  its  length,  a  harmonic,  two 
octaves  higher  than  the  sound  of  the  full  length  of  the  string, 
is  produced,"  etc. 

32.  An  explanation  of  the  reason  for  this  peculiar  behaviour 
of  a  string,  under  the  circumstances  described,  is  a  matter  of 
considerable  detail,  and  perhaps  to  this  reason,  as  much  as  to 
any  other,  may  be  ascribed  the  pretty  general  shelving  of  the 
subject  in  ordinary  violin  teaching. 

33.  Violin  students  who  follow  the  explanations  to  be  given, 
and  who  carry  out  the  experiments  described,  will,  it  is  hoped, 
be  rewarded  for  their  trouble  by  being  able  to  understand  some 
of  the  more  obvious  laws  governing  the  production  of  harmonics, 
and  they  will  be  interested  to  understand  why  the  correct  placing 
of  the  bow  at  different  portions  of  the  string  between  the  bridge 
and  fingerboard,  according  to  the  note  stopped,  is  of  considerable 
importance  to  good  tone-production  {see  par.  102).  Pianists  and 
other  music  students  who  have  not  hitherto  made  a  special 
study  of  the  subject  of  sound  may  also  find  much  to  interest  them. 

34.  As  it  is  desired  to  make  the  matters  dealt  with  intelligible 
to  beginners  as  well  as  to  more  experienced  musical  students, 
every  point  will  be  explained  simply  and  minutely.  No  previous 
knowledge  of  the  particular  subject  will  be  assumed. 

Experiments  with  the  Violin. 

35.  It  will  behest  if  all  the  violin  experiments  are  made  on 
the  G  string.  Whatever  rules  apply  to  this  particular  string 
apply  equally  to  any  other  string,  either  on  a  violin,  viola,  or 
violoncello,  and  also,  with  certain  modifications,  to  the  strings 
iof  a  pianoforte. 


\^ 
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Experiment  I. 

Get  the  best  silver  G  string  yon  can  (mihurnished  by  preference) 
and  tune  it  exactly  to  the  G  of  your  pianoforte.  With  the  bow,  play 
the  open  note  in  an  ordinary  way,  and  watch  the  string  vibrating 
or  oscillating.  Draw  the  bow  quickly  and  with  some  considerable 
strength,  and  you  will  observe  that  the  oscillation  extends  very 
nearly  to  the  D  string  on  one  side,  and  to  the  edge  of  the  finger- 
board on  the  other.  This  will  demonstrate  what  is  meant  by  the 
**  vibration  of  a  string.''  You  can  also  feel  the  vibration,  or 
quivering,  of  a  deep  bass  pianoforte  string  by  touching  it  with 
your  fingers,  just  after  it  has  been  struck  in  the  usual  way,  but 
before  allowing  the  damper  to  fall  again. 

36.  The  note  played  on  the  violin  was  G  below  the  lines : — 


i 


and  this,  for  the  future,  will  be  called  the  fundamental,  that  is 
the  lowest  or  foundation  note.  The  first  important  fact  to  be 
Ip.arnt  concerning  a  note  is  that  whenever  a  string  is  freely 

VIBRATING  IT  PRODUCES  BESIDES,  AND  AT  THE  SAME  TIME  AS  ITS 
FUNDAMENTAL  NOTE,  A  CONSIDERABLE  NUMBER  OF  OTHER  SOUNDS, 
CALLED    HARMONICS,    PARTIALS,  OR   OVERTONES.       When  yOU  have 

sufficiently  trained  your  ear  you  will  be  able  to  hear  at  least  one 
or  two  of  these  harmonics,  as  we  will  decide  to  call  them,  quite 
distinctly,  whenever  you  play,  singly  and  slowly,  the  lower  notes 
of  a  pianoforte,  or  even  a  violin  ;  but  at  first  it  will  suffice  to 
accept  it  as  a  fact  that  these  extra  sounds  are,  actually,  always 
in  existence. 

37.  If  you  have  a  full-sized  violin  you  will  find  the  string 
■measures  thirteen  inches  from  the  bridge  to  the  little  ebony  nut 
at  the  end  of  the  fingerboard.  The  small  portion  of  string 
between  the  tail-piece  and  the  bridge  does  not  affect  the  sound 
of  the  longer  portion.  This  you  can  prove  by  pressing  a  finger 
on  the  former  whilst  you  bow  in  the  usual  manner  on  the  latter. 
Therefore,  thirteen  inches  is  the  whole  working  portion  of  the 
'*  open  "  string. 

38.  When  you  press  your  finger  tightly  on  a  string  the  lower 
part,  that  is  the  part  behind  your  finger,  does  not  vibrate. 
Your  finger,  by  its  pressure,  has  the  act  of  shortening  the 
working  part  of  the  string,  and,  as  will  be  more  fully  explained 
as  we  proceed,  the  shorter  the  string  the  higher  is  the  sound 
produced. 
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Experiment  II. 

Measure  off  one-half  of  the  string,  that  is  6^  inches  from 
either  end,  and  make  a  little  chalk  mark  on  the  fingerboard  at  the 
spot.  Now  place  the  tip  of  the  finger  as  lightly  as  yon  can  on  tJic 
string  at  the  place  yon  have  marked,  and,  playing  with  the  how, 
you  will  produce  what  is  called  the  '^octave  harmonic,'"  that  is  a 
note  one  octave  higher  than  the  fundamental — 


Watch  the  string  very  carefully  in  a  good  light  and  yon  will  see 
that  BOTH  HALVES  ARE  VIBRATING,  wliicli  we  havc  just  learned  IS 
not  the  case  when  the  finger  is  pressed  down  tightly.  Now,  whilst 
bowing  very  straight  and  with  some  speed,  quickly  lift  away  the 
finger  and  you  will  notice,  that  although  the  two  halves  are 
vibrating,  a  stnall  space  at  tJie  exact  half,  where  you  put  the  chalk 
mark  and  placed  your  finger,  is  not  vibrating,  a7id  is, 
apparently,  still. 

39.  Persevere  practising  the  above  experiment  until  you  can 
see  the  result  quite  clearly,  even  with  your  finger  still  resting  on 
the  string.  You  can  also  try  it  in  another  way  by  placing  the 
violin  on  a  table,  and,  whilst  you  continue  bowing,  touching  the 
string  in  the  middle  with  the  feathery  part  of  a  quill  pen,  or  even 
the  edge  of  a  coin.  When  the  violin  is  placed  in  the  position 
just  described  you  can  easily  demonstrate  that  a  harmonic  can 
be  produced  by  drawing  the  bow  on  either  side  of  the  place  you 
are  touching  without  any  alteration  of  sound  occurring. 

Segments  and  Nodes. 

40.  Some  writers  call  the  light  touching  of  a  string  to  procure 
a  harmonic  "  damping  the  string,"  an  expression  which  will  be 
simpler  for  us  also  to  use  for  the  future.  It  will  be  as  well  also 
to  learn  now  that  the  vibrating  portions  of  strings  are  usually 
called  SEGMENTS  (or  loops),  and  the  places  where  the  points  of 
rest  occur  nodes  (from  nodus,  the  Latin  for  knot).  Thus,  when 
you  play  the  open  G  the  string  vibrates  as  a  whole — <r  I> :  but 
when  you  "damp"  it  in  the  middle  to  produce  the  "octave 
harmonic  "  it  vibrates  in  two  segments,  divided  by  a  node,  d>CI>. 

41.  .When  you  are  able  to  produce  the  "  octave  harmonic  " 
easily  and  clearly  you  will  find,  as  indicated  above,  that,  pro- 
vided you  continue  bowing  exactly  at  the  same  speed  and  with 
the  same  strength,  you  can  lift  away  your  finger  and  the  har- 
monic will  still  continue  to  sound  ;  for  after  the  string  has  been 
divided  into  two  segments  it  does  not  quite  readily  adjust  itself 
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to  a  vibration  of  the  whole.     With  practice,  you  can  always  play 
such  passages  as  these — 


P 


etc. 


-izr 


without  sliding  down  from  the  harmonic,  or  allowing  the  open  G 
to  sound  between  the  two  slurred  notes.  If,  however,  you  should 
want  to  go  at  once  to  the  open  string — 


i= 


all  that  is  required  is  a  little  extra  pressure  with  the  bow,  which 
will  at  once  cause  vibration  of  the  whole  string  again. 

42.  If  the  preceding  explanations  have  been  understood  the 
student  can  now  make  the  following  deduction  :  //  a  stretched 
string,  fixed  at  both  ends,  is  halved,  the  sound  the  half  will 
produce  will  he  one  octave  higher  than  that  of  the  whole  string, 
and  if  the  string  is  quartered  the  sound  produced  by  the  quartsr 
will  be  TWO  octaves  higher  than  the  whole,  and  so  on  to  the 
smallest  subdividing  possible. 

43.  Another  important  fact  regarding  the  behaviour  of  stretched 
strings,  but  one  much  more  difficult  to  understand  than  that 
described  above,  is  as  follows  : — Whenever  a  string  is  made 
TO  SOUND  (as  by  bowing  on  it,  or  striking  or  plucking  it)  it 
vibrates    not     only     as    a    whole,    but    also    in    aliquot 

PORTIONS  OF  the  STRING  {^,     ^,     J,  ^,  CtC.)  SEPARATELY  AND 

simultaneously.  It  is  from  these  divisions  and  sub-divisions 
of  a  string  that  harmonics  of  various  sounds  are  produced  together 
with  the  fundamental  note,  as  already  mentioned  in  par.  36. 

44.  The  loudness  or  intensity  of  these  harmonics  is  very 
subordinate  to  that  of  the  fundamental,  and  many  are,  for- 
tunately, quite  inaudible  as  separate  sounds  without  artificial 
means. ^°  Fortunately  indeed,  for  were  it  not  so  the  sounds — 
say,  of  a  violin — would  be  so  blurred  with  discordant  harmonics 
that  they  would  be  neither  sweet  nor  pleasant.  It  has,  however, 
been  conclusively  proved  by  the  great  German  scientist 
Helmholtz  that  the  inclusion  of  some  of  those  harmonics, 
which,  as  we  shall  shortly  prove,  are,  under  special  circum- 
stances, distinctly  audible,  greatly  enhances  the  beauty  and 
quality  of  a  fundamental  note. 

1°  There  is  a  little  instrument  called  the  Resonator,  invented  by  Helmholtz, 
which,  when  placed  to  the  ear,  will  reinforce  and  audibly  produce  to  the 
listener  a  harmonic  which  is  in  the  air.  The  Resonator  must  be  tuned  to  the 
exact  pitch  of  the  harmonic  for  which  one  is  going  to  listen,  and  thus,  with  the 
help  of  several  Resonators  differently  tuned,  one  is  enabled  to  detect  various 
harmonics  which  otherwise  are  inaudible,  and  of  whose  actual  existence  one 
would  have  no  knowledge. 
C.  E.  Lowe. — Harmonics  and  Resultants.  —  Novello.       B 
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45.  One  of  the  harmonics  which  thus  improves  the  quahty  of 
a  sound  is  the  "  octave  harmonic,"  the  first  of  the  series  of 
harmonics  alivays  present  when  the  fundamental  note  of  a 
string  is  sounding,  unless  it  has  been  struck,  plucked,  or  bowed 
on  at  the  exact  half,  as  will  be  demonstrated  later  on.  {See 
PAR.  100.) 

46.  The  following  experiment  with  the  violin  will  prove  the 
existence  of  the  "  octave  harmonic  ''together  with  a  fundamental. 

Experiment    III. 

A    LOW   STRING    SETS    A   HIGHER   STRING   VIBRATING. 

Tune  the  G  string  exactly  to  A  — 


i 


%j    — 


and  see  that  the  upper  octave  open  A  — 

is  in  perfect  tune.  Bow  on  the  lower  string  with  fair  speed  and 
strength,  and  you  will  observe  tlie  upper  string  vibrating  distinctly, 
and  after  a  little  practice  you  will  be  able  to  hear  the  two  strings 
SOUNDING  TOGETHER.  Tliis  is  bccausc  the  lower  A  is  producing 
its  '^octave  harmonic''  in  the  airland  the  vibrations  caused  by  the 
harmonic  are  communicated  through  the  bridge  of  the  violin  to  the 
string  tuned  exactly  to  the  same  sound,  which  is  thus  set  vibrating 
and  sounding  in  sympathy. 

47.  A  similar  result  to  the  above  will  be  obtainable  if,  instead 
of  raising  the  G  string  to  A,  your  first  finger  is  pressed  on 
the  note  A  of  the  G  string  tuned  as  usual.  It  must  be 
remembered  that  directly  the  finger  is  pressed  on  the  string  the 
new  note,  produced  by  shortening  the  string,  becomes  the 
fundamental.  At  first,  however,  the  vibrating  string  can  be 
watched  better  if  the  left  hand  is  not  over  it. 

48.  It  is  much  more  difiicult  to  hear  the  harmonic  if  there  is 
nothing  at  hand  capable  of  producing  the  same  sound.  Thus,  if 
you  remove  or  flatten  the  upper  A,  you  will  very  likely  not  be 
able  to  hear  the  harmonic  when  you  play  the  lower  A  (unless 
your  ear  is  very  keen);  because,  although  the  harmonic  will  be 
still  sounding,  there  will  be  no  sympathetic  string  to  reinforce  the 
sound.  Neither  will  you  get  a  satisfactory  result  if  you  experi- 
ment with  two  violins  held  apart,  as  the  atmospheric  vibrations 
alone  are  not  powerful  enough,  without  the  aid  of  a  bridge,   to 
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visibly  demonstrate  that  there  is  any  sympathetic  communication  of 
vibration  between  a  harmonic  and  a  string  of  a  similar  pitch  on 
another  violin. 

49.  Before  leaving  the  violin  there  is  one  more  highly  interest- 
ing observation  to  make. 

Experiment  IV. 

A    HIGH     STRING    SETS    A    LOWER    STRING    VIBRATING. 

Tune  the  D  string  to  G — 


Play  on  this  ''^open  "  string  as  quickly  and  with  as  much  strength  as 
possible  and  watch  the  lower  G  string.  You  will  see  it  vibrating 
in  two  segments  with  a  node  in  the  middle,  and  if  yon  brush  your 
bow  quickly  but  lightly  on  to  the  lower  G  the  latter  will  produce 
its  octave  !  The  vibrations  caused  by  the  G  on  the  upper  string 
were  powerful  enough  to  communicate  themselves  through  the 
bridge  to  the  string  tuned  an  octave  lower,  and  to  cause  that 
string  to  vibrate  more  in  halves  than  a  whole,  so  as  to  bring 
itself  into  unison  with  the  sounding  string. '^'^ 

Experiments  with  the  Pianoforte. 

50.  Our  next  experiments  will  be  with  the  pianoforte.  If  you 
look  inside  you  will  see  near  the  top  of  the  strings  a  row  of 
dampers,  pieces  of  wood  covered  with  a  kind  of  thick  felt,  which 
rest  on  or  against  the  strings  for  the  purpose  of  stopping 
them  from  vibrating.  When  a  note  is  played  a  small  felted 
hammer  strikes  against  its  string,  and  simultaneously  a  damper 
is  raised,  and  remains  so  until  the  finger  is  lifted  from  the 
keyboard,  when  the  damper  instantly  falls  again  and  the  sound 
ceases.  The  highest  strings  have  no  dampers,  because  their 
vibrations  do  not  continue  long  enough  to  require  special  means 
for  stopping  them.  When  the  right  or  so-called  "loud  pedal" 
is  pressed  down  all  the  dampers  rise,  and,  as  a  consequence,  any 
notes  which  are  then  played  continue  to  sound  together  until  the 
pedal  is  raised  again  and  the  dampers  allowed  to  fall.  This  is 
the  reason  why  in  pianoforte  playing  special  care  should  be  taken 
not  to  keep  the  pedal  down  continuously  through  a  change  of 
harmony.  As  a  means  of  strengthening  the  tone,  the  highest 
notes  of  most  pianofortes  are  produced  by  three  wires  or  strings 

"  This  is  not  a  complete  scientific  explanation  of  the  reason;  but  it  will 
quite  suffice  for  the  present  purpose. 
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(trichord)  tuned  in  unison.     The  lowest  octaves  generally  have 
two  wires  or  one  very  thick  wire  to  each  note. 

51.  We  will  now  listen  for  the  "  octave  harmonic  "  as  produced 
from  a  pianoforte  together  with  a  fundamental. 

Experiment  V. 

A    LOW    STRING    SETS    A    HIGHER    STRING    VIBRATING. 

Silently  press  down,  so  as  to  raise  or  remove  the  damper, '^'^  the 
note  C — 


Now  strike  with  fair  force  the  C  one  octave  lower — 


allow  it  to  sound  for  a  second  or  two  and  then  release  it ;  still 
pressing  down  on  the  key -board  the  upper  C.  You  will  at  once 
hear  the  octave  of  the  note  you  struck  sounding  quite  audibly, 
and  if  you  can  touch  the  string"^^  with,  say,  a  piece  of  wire  or 
steel  you  will  notice  how  distinctly  it  is  quivering.  The  inoment 
the  finger  is  raised  the  damper  falls  and  stops  further  vibratioyi, 
and  the  sound  ceases. 

52.  It  should  be  now  quite  clear  what  caused  the  upper  C  to 
sound.  Whilst  the  vibration  of  the  whole  string  which  was 
struck  produced  the  fundamental  C — 


the  string  simultaneously  divided  itself  into  halves,  and  from  the 
vibrations  of  these  segments  a  harmonic  one  octave  higher  than 
the  fundamental  was  produced.  The  harmonic  was  carried  by 
the  vibrating  air,  together  with  the  aid  and  through  the  medium  of 
the  sounding-board  of  the  pianoforte,  to  the  string  close  at  hand 
tuned  to  the  same  pitch,  and  the  percussion  and  vibration  were 
strong  enough  to  set  the  string  in  motion.  The  above  experi- 
ment  should   be   repeated  with   various  octaves,   but   the   best 

12  On  some  grand  pianofortes  it  is  possible  to  raise  the  damper  with  the 
fingers ;  but  if  thus  attempted  it  must  be  done  very  carefully. 

13  String  is  used  throughout  in  preference  to  the  plural.  It  makes  no 
difference  whether  the  particular  note  has  one,  two  or  three  strings  attached 
to  it. 
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results  will  generally  be    obtained   from    fundamentals    chosen 
between  the  following  range  of  notes  " — 


m 


If  you  try  to  hear  the  harmonic  without  raising  the  damper 
of  the  sympathetic  string  it  will  not  be  nearly  so  distinct,  and  in 
many  cases  quite  inaudible,  as  there  will  be  nothing  sufficiently 
free  to  naturally  reinforce  the  sound. 

53.  Experiment  IV.  can  also  be  most  successfully  performed 
on  the  pianoforte  : — 

Experiment  VI. 

A    HIGH    STRING    SETS    A    LOWER    STRING    VIBRATING. 

Silently  press  down  on  the  keyboard^  say,  the  note  G — 


atid  then  strike  with  some  force  the  G  one  octave  higher — 

Lift  away  the  finger  from  the  higher  G,  and  you  will  hear  the 
SAME  SOUND  fls  you  struck  coining  from  the  string  of  the  lower 
octave  which  you  are  still  pressing  down.  The  reason  is  the  same 
as  that  described  in  the  case  of  the  violin  (par.  49).  The  lower 
string  is  dividing  itself  into  two  segments,  and  these  are  producing 
a  sound  one  octave  higher  than  thai  of  the  whole. 

54.  There  is  an  interesting  method  by  which  an  "  octave 
harmonic"  can  be  heard  without  a  fundamental  on  a  grand 
pianoforte. 

Experiment  VII. 

PIANOFORTE    HARMONICS    WITHOUT    FUNDAMENTALS. 

Open  the  lid  of  the  pianoforte^  and  place  a  finger  with  moderate 
pressure  on  the  exact  half  of  a  bass  string  (easily  found  by 
measurement),  and  ask  someone  to  strike  on  the  keyboard  the  note 
of  the  string  you  are  touching.  You  will  hear  the  sound  of  the 
upper  octave  with  a  peculiar  bell-like  tone,  somewhat  resembling 

1*  The  very  rigid  higher  strings  do  not  produce   harmonics   so  well  as 
the  Jower  strings,  which  are  not  so  tightly  stretched. 
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that  of  a  harmonic  on  a  harp.  If,  with  a  small  felted  ^ong- 
hammer  yon  lightly  strike  the  string  on  either  side  of  your  finger 
you  will  obtain  the  same  result ;  for  your  finger  is  forming  a 
NODE  at  the  centre  of  the  striiig,  and  either  of  the  two  segments 
into  which  it  is  formed  will  produce  the  ^^  octave  harmonic.'' 

Whilst  performing  the  latter  part  of  the  above  experiment  it 
will  be  necessary  to  get  someone  to  raise  the  damper,  either  by 
silently  pressing  down  the  corresponding  note  on  the  keyboard, 
or  by  putting  down  the  right-foot  pedal. 

Sympathetic  Vibrations. 

55.  The  following  is  a  simple  way  by  which  the  sympathy 
existing  between  strings  tuned  to  the  same  pitch  can  be 
proved  : — 

Experiment  VIII. 

Open  a  pianoforte , put  down  the  right-foot  pedal,  and  then  play 
a  strong  chord  on  the  violin  as  near  as  possible  to  the  pianoforte 
strings.  As  soon  as  you  remove  the  bow  you  will  hear  the  same 
chord  reverberating  with  great  clearness  from  the  pianoforte 
strings,  which  are  vibrating  in  sympathy.  If  a  note  is  sung  into 
the  pianoforte^  whilst  keeping  down  the  pedal,  you  will  also  hear 
it  echo  from  a  sympathetic  string,  and,  further,  you  will  observe 
that  whenever  you  play  with  jnoderate  strength,  for  exarnple,  D  on 
the  G  string  of  a  violin,  the  open  D  string  begins  to  quiver  in 
sympathy. 

56.  It  was  stated  in  par.  48  that  the  vibrations  of  air  alone 
are,  apparently,  not  strong  enough  to  carry  the  vibrations 
caused  by  a  harmonic  from  one  violin  to  another.  That  they 
are  strong  enough  to  do  so  in  the  case  of  fundametital  notes 
tuned  in  unison  the  following  experiment  will  prove  : — 

Experiment  IX. 

Tune  two  violins  exactly  together.  Across  the  G  and  D  strings 
of  one  violin  place  between  the  bridge  and  finger-board  a  little 
piece  of  thin  paper  about  an  inch  long.  Now  bow  with  as  much 
force  as  you  can  on  the  G  and  D  strings  of  the  second  violin,  holding 
it  as  close  as  possible  to  the  first,  and  you  will  see  the  paper  flutter 
along  the  strings — a  certain  proof  that  sympathetic  vibration  is 
going  on. 

57.  Before  leaving  the  "  octave  harmonic  "  it  must  be  clearly 
understood  that  it  can  only  be  produced  by  ''damping"  the 
string  in  one  place,  causing  thereby  a  division  of  the  string  into 
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two  segments,  both  of  which  produce  the  harmonic  independently. 
Other  harmonics,  to  be  explained  later  on,  can  be  obtained  at 
two  or  more  places  on  the  same  string,  according  to  whether  it 
is  divided  into  thirds,  quarters,  etc.  Another  fact  to  keep  in 
mind  is  that  as  a  string  cannot  be  divided  into  larger  aliquot 
parts  than  halves,  the  "  octave  "  is  the  Jirst  and  lowest  harmonic 
which  can  in  any  way  be  produced.     In  other  words — there  is 

NO     POSSIBLE     HARMONIC     BETWEEN     A     FUNDAMENTAL     AND      ITS 

OCTAVE.  All  the  harmonics  to  be  dealt  with  in  subsequent 
chapters  will  be  of  a  higher  sound  than  the  "  octave,"  as  they 
will  have  to  be  produced  by  dividing  the  string  into  smaller 
portions  than  halves;  and  it  cannot  be  too  clearly  impressed  on 
the  student  that  the  smaller  the  division  of  the  fundamental 

STRING    becomes,    THE     HIGHER     IN    SOUND    WILL    BE    THE    NOTE 

produced. 
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CHAPTER  III.— THE  '^  OCTAVE-FIFTH  HARMONIC" 

58.  The  preceding  chapter  was  chiefly  devoted  to  explanations 
and  experiments  in  connection  with  the  "  octave  harmonic." 
The  student  will  doubtless  have  observed  that  when  the 
octave  G — 


is  played  on  the  G  string  of  the  violin,  the  pitch  of  the  note  is 
exactly  the  same,  whether  the  note  is  played  as  a  harmonic  or  as 
a  stopped  note,  but  that  the  quality  of  the  two  sounds  is  not 
alike.  The  reason  for  the  diiTerence  in  quality  between  the  two 
kinds  of  notes  must  be  deferred  for  the  present  {see  par.  113); 
but  most  of  the  harmonics  which  will  be  next  explained  will  be 
found  to  be  different  in  pitch,  as  well  as  in  quality,  from  stopped 
notes  played  at  the  same  parts  of  the  string.  By  pitch  is  meant 
the  height  or  depth  of  a  sound.     Thus,  of  these  four  notes — 


i 


the  second  has  a  higher  pitch  than  the  first,  and  the  third  has 
the  lowest  pitch  of  the  four,  whilst  the  first  and  fourth  have  the 
same  pitch. 

59.  The  *' octave  harmonic"  was  produced  by  dividing  the 
string  into  two  segments.  The  next  harmonic,  that  of  the 
"octave-fifth,"  will  be  found  when  the  string  is  divided  into  three 
aliquot  parts. 

Experiment  X. 

Measure  off  on  the  G  string  4^  inches  from  the  nuty  and  again 
from  the  bridge}^  Put  a  chalk-mark  on  the  finger -hoard  at  either 
place  J  and  the  division  of  the  string-length  into  three  parts  will  he 
easily  seen.  The  first  tnark  will  he  at  the  place  where  one 
plays  D — 


Now  play  this  note  D,  first  as  a  stopped  note  {the  second  finger  in 

15  If  any  difficulty  is  found  in  measuring  the  string,  an  easy  way  is  to  cut  a  strip 
of  paper  the  exact  length  of  the  string  and  to  mark  it  in  thirds,  or  any  other 
required  division,  with  a  ruler  or  compasses.  Plact  the  paper  under  the  strings 
and  chalk  the  edge  of  the  finger-board  on  the  side  of  the  G  string  at  the  proper 
places.  This  will  be  found  an  excellent  plan  if  it  is  desired  in  experimenting 
to  divide  the  string  into  very  small  portions. 


THE    ''OCTAVE-FIFTH    HARMONIC."  25 

the  third  positiott  will  be  the  best  to  icse)^  by  pressing  the  finger, 
and  secondly,  as  a  harmonic,  by  touching  the  same  spot  on  the 
string  lightly,  and  yo2i  will  notice  the  pitcJi  of  the  note  changes  to 
that  of  a 71  octave  higher  : — 


becomes 


60.  Why  is  this  ?  The  answer  is  most  important.  When  the 
D  is  played  as  a  stopped  note  the  portion  of  string  below  the 
finger  does  not  vibrate  or  sound,  but  the  remainder  {i.e.,  two-thirds) 
of  the  string,  from  the  bridge  to  where  the  finger  is  placed, 
vibrates  as  a  whole.  The  finger  having,  as  it  were,  cut  off  one- 
third  of  the  whole  string,  the  pitch  has  been  raised  the  interval 
of  a  perfect  fifth — 


has  become 


But  when  the  same  spot  is  "  damped  "  for  a  harmonic,  not  only 
does  the  string  below  the  finger  vibrate,  but  the  upper  two-thirds 
of  the  string  subdivides  itself  into  two  equal  segments.  Watch 
the  string  in  a  good  light  whilst  you  play  the  harmonic  strongly 
with  a  very  straight  bow  near  the  bridge,  and  you  will  observe 
that  just  at  the  places  where  the  two  chalk-marks  are  placed  the 
string  is,  apparently,  not  vibrating.^^  The  fact  is  the  string  is 
divided  into  three  equal  segments,  divided  by  two  jwdes — 


consequently  each  of  the  three  segments  is  vibrating 
independently ,  and  producing  a  note,  the  pitch  of  which  is  the 
same  as  if  the  string  had  been  actually  shortened  to  one-third 
of  its  entire  length.  Thus  we  arrive  at  the  following  fact : 
When  nodes  are  formed  by  "  damping  "  a  string,  only 
A  note  corresponding  in  pitch  to  the  size  of  the  segment 
between  the  nodes  can  be  obtained. 

61.  The  following  Experiment  will  prove  the  above  : — 

Experiment  XI. 

the  same  harmonic  produced  at  two  nodes. 

Place  your  finger  lightly  on  the  string  at  the  higher  node,  and 
you  will  find  that  the  pitch  and  quality  of  the  note  produced  there 

^6  It  would  not  be  correct  to  say  that  a  node  is  an  absolute  place  of  rest. 
There  must  be  a  slight  vibration  running  through,  otherwise  the  pieces  of 
string  between  the  nodes  could  not  vibrate  at  all. 
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are  exactly  the  same  as  those  of  the  harmonic  produced  from  the 
LOWER  node.  Moreover,  if  you  get  sojjteone  to  "  damp  "  one  node 
whilst  you  ^^dainp''  the  other  no  alteration  of  sotmd  will  take 
place  ;  it  will  remain  precisely  the  sa?ne.  If  you  place  the  violin 
on  a  table  you  can  further  prove  what  was  mentiojied  in  the  case 
of  the  ^'■octave  harmonic,''  that  when  you  ''^  damp  "  either  or  both 
of  the  7iodes  the  Jiarmonic  can  be  produced  by  bowing  on  any  one 
of  the  three  segments}'^ 

62.  The  student  will  now  have  no  difficulty  in  agreeing  with 
the   following   summary :    When    any    part   of   a    string   is 

*'  damped  "  AT  one  of  ITS  ALIQUOT  DIVISIONS  IT  INSTANTLY 
FORMS  OR  GROUPS  ITSELF  INTO  SEGMENTS,  OF  A  NUMBER 
CORRESPONDING     TO     THE     LENGTH     OF     THE     DIVISION    TOUCHED, 

WITH  NODES  DIVIDING  THE  SEGMENTS.  Thus,  *'  damp  "  a  String 
at  the  i  and  two  segments  with  one  node  are  formed  ;  "  damp  " 
it  at  ^  from  either  end  and  three  segments  and  two  nodes  are 
formed  ;  "  damp  "  it  at  the  \  from  either  end  and  four  segments 
with  three  nodes  will  be  the  result;  and  so  on,  as  far  as  is 
feasible.  How  far  on  the  violin  these  divisions  are  feasible  will 
be  shown  later.     {See  chap,  viii.) 

63.  It  will  be  of  great  assistance  to  the  study  of  violin 
harmonics  if  it  be  remembered  that  the  pitch  of  a  harmonic 
always  corresponds  to  that  of  a  stopped  note  played  at  the  same 
distance  from  the  bridge  as  the  length  of  one  of  the  segments 
into  which  the  string  is  divided.     Thus,  D — 


pp 


played  at  -J-  f^om  the  nut  as  a  harmonic  on  the  G  string  is  of  the 
same  pitch  as  the  note  an  octave  his:her — 


but  when  this  latter  note  is  played  at  the  distance  of -^  from  the 
bridge  the  pitch  is  the  same,  whether  the  note  be  played  as  a 
harmonic  or  as  a  stopped  note. 

64.  The  following  experiment  will  prove  that  the  *'  octave-fifth 
harmonic  "  sounds  together  with  a  fundamental  string. 

Experiment  XII. 
Tune  very  perfectly  the  G  string  to  F  and  the  A  string  to  C — 


i 


w^ 


17  As  this  rule  applies  to  all  natural  harmonics  it  will  not  be  given  again. 
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Play  on  the  open  F  string  with  good  force ^  and  you  will  not  only 
see  the  C  string  vibrating,  but  you  will  be  able  to  hear  the  C 
sounding.  Tlie  same  result  can  be  obtained^  but  not  so  clearly, 
if  the  strings  are  tuned  to  their  usual  notes  and  the  note  D  is 
stopped  on  the  A  strings  whilst  the  bowing  is  continued  on  the 
open  G  string. 

65.  After  the  ear  has  been  directed  to  livSten  for  this  harmonic 
one  will  often  hear  it  together  with  the  fundamental  when  a  low 
note  is  played  on  the  G  string,  even  without  an  upper  string 
tuned  or  stopped  to  the  necessary  pitch  for  reinforcing  it,  as  the 
pitch  of  the  harmonic  being  of  a  different  character  to  the 
fundamental  it  is  more  easily  distinguished  than  the  "  octave 
harmonic." 

66.  To  prove  that  the  "  octave  "  and  "  octave-fifth  "  harmonics 
soujid  together  with  a  fundamental  is  not  quite  so  simple  as  the 
preceding  experiment,  but  it  can  be  accomplished  in  either  of  the 
two  following  ways  : — 

Experiment  XIII. 

TWO    HARMONICS    SOUNDING    TOGETHER. 

(i)  Tmte  the  three  lowest  strings  to  F,  F,  C,  tlms — 


m 


Play  with  strength  and  speed  on  the  lowest  open  F  string,  and 
you  will  see  the  tapper  F  and  C  strings  vibrating,  and  after  a 
little  practice  you  will  be  able  to  hear  the  two  notes  sounding 
to  s^  ether. 


Experiment  XIV. 


(2)  Tune  the  G  string  to  A,  and  the  other  three  to  their  usual 
notes  D,  A,  E — 


i 


Play  on  the  lowest  A  string,  and  it  will  cause  the  upper  A  and  E 
strings  to  vibrate.  But  the  E  string  being  thinner  and  stretched 
more  tightly  than  the  others  does  not  oscillate  so  noticeably,  and 
you  may  find  it  difficult  to  perceive  any  vibration.  If  so,  take  a 
little  piece  of  thin  paper,  about  an  inch  square,  betid  it  over  and 
place  it  on  the  E  string  between  the  bridge  and  finger-board. 
The  moment  you  begin  to  play  the  low  A  the  paper  will  dance 
violently  and  then  fly  off  the  string,  a  clear  proof  of  the  intensity 
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of  the  vibration  actually  going  on.  If  you  tune  the  G  string,  say, 
to  G  sharp,  and  replace  the  paper  either  on  the  A  or  E  string,  yoii 
can  continue  bowing  up  and  down  on  the  G  sharp  without 
dislodging  the  **  rider  "  {as  the  paper  may  be  termed),  because 
G  sharp  does  not  produce  either  the  A  or  E  as  a  harmonic. 

67.  In  the  latter  part  of  the  above  experiment  there  will  be  a 
slight  fluttering  of  the  "  rider,"'  but  this  will  arise  from  the  fact 
that  the  bridge  always  vibrates  when  any  note  is  played.  A  mute 
pressed  on  the  bridge  has  the  effect  of  partially  stopping  its 
vibrating  powers,  and  thus  it  deadens  and  decreases  the  tone. 

68.  The  following  Experiment  will  again  prove  how  a  higher 
string  sets  a  lower  string  vibrating  in  unison  by  sympathetic 
resonance  : — 

Experiment  XV. 

Tune  the  D  string  to  G — 


i 


as  shown  in  Experiment  IV.,  and  stop  D 


on  the  same  string  [with  the  second  finger  in  the  third  position). 
Play  this  latter  note  with  strength  and  speed,  and  you  will  see  the 
open  G  string  vibrating  in  three  segments,  and  if  you  brush  the 
bow  rapidly  but  lightly  oft  to  the  G  string  you  will  find  the  latter 
will  produce  the  same  D  in  tinison  with  the  note  you  were  just 
playing  on  the  third  string.^^  The  reason  of  it  doing  this  is  of  the 
same  character  as  described  in  Experiment  IV. 

69.  A  similar  result  to  the  above,  but  one  not  so  clearly 
demonstrated,  is  produced  when,  in  the  usual  way,  D  on  the  A 
string  is  played.  It  is  worth  noticing,  too,  when  the  G  string  is 
tuned  to  A,  how  different  the  quality  of  the  upper  open  A  and  E 
strings  is,  as  compared  to  when  the  lowest  string  is  tuned  to  G. 
This  difference  is  brought  about  by  the  fact  that,  w^ith  the  G 
string  tuned  to  A,  when  either  of  the  upper  strings  is  played,  or 
even  if  the  two  are  sounded  together,  the  low  A  responds  in  unison 

Experiments  with  the  Pianoforte. 

70.  The  "  octave-fifth  harmonic  "  should  be  listened  for  on  the 
pianoforte  as  described  for  the  "  octave." 

1^  This  experiment  can  also  be  shown  by  strongly  playing  the  upper  octave 
D  on  the  D  string  when  the  latter  is  tuned  to  its  usual  pitch. 
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Experiment  XVI. 
Silently  press  down,  or  raise  the  damper  of,  tJie  note  D — 


and  theti  strike  with  good  force  the   G  one  octave   and  a  perfect 
fifth  lower — 


m 


After  a  second  or  two  lift  the  finger  away  from  the  G  and  you 
will  hear  the  D  sounding.  The  reason  for  this  should  he  readily 
understood.  The  string  of  the  7iote  which  was  struck,  besides 
vibrating  as  a  whole,  vibrated  also  in  three  segments.  The 
vibrations  from  these  segments  produced  a  harmonic  corresponding 
to  the  pitch  of  the  note  D  being  held  dowti,  and  consequently  its 
string  was  set  vibrating. 


Experiment  XVII. 

THE    •'  octave-fifth    HARMONIC    WITHOUT    THE    FUNDAMENTAL." 

On  a  grand  pianoforte  follow  the  same  directions  as  given  in 
Experiment  VII.,  only  in  this  case  the  string  must  be  pressed  at 
the  distance  of  one-third  from  either  end. 

'ji.  The  "octave''  and  "octave-fifth"  harmonics  can  also  be 
heard  sounding  together  on  the  pianoforte. 


Experiment  XVIII. 
TWO   harmonics  sounding  together. 
Silently  press  down  G  and  D — 


and  strike  the  G  an  octave  lower,  as  before.     Release  it,  and  the 
two  upper  7iotes  will  be  heard  sounding  together. 

72.  Still  more  interesting,  perhaps,  is  the  next  experiment. 
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Experiment  XIX. 

TWO    HIGH    STRINGS    SET    ONE    LOWER    STRING    VIBRATING    IN 
DIFFERENT    DIVISIONS. 

First  silently  press  down  the  note  G — 


^ 


and  strike  with  force  the  D  an  octave  and  fifth  higher — 

Release  the  D  after  a  second  or  two  and  the  same  sound  will  he 
heard  coming  from  the  G  you  are  pressing  down.  The  string  of 
the  latter  note  has  divided  itself  into  three  segments,  from  the  same 
cause  as  briefly  described  in  Experiment  VI.  Now  silently 
press  dow7i  the  same  low  G  as  before  and  strike  the  two  notes 
G  and  D — 


Release  these  and  the  same  two  sounds  will  be  heard  proceeding 
from  the  low  G  string  you  are  pressing  down.  The  vibrations  of 
the  two  notes  which  were  struck  set  the  low  G  string  vibrating, 
and  forced  it  to  divide  itself  both  into  halves  and  thirds.  To 
prove  that  this  is  correct  you  have  but  to  lift  thefitiger  away  from 
the  note  of  the  low  G,  and,  as  the  damper  falls  on  the  string,  the 
sounds  cease. 

73.  The  above  experiment  helps  to  prove  the  remarkable  fact 
that  strings  divide  themselves  simultaneously  into  segments  of 
various  sizes,  and  produce  various  sounds  at  one  and  the  same 
time.     This  may  be  hard  to  realise,  but  it  is  certainly  a  fact. 

74.  As  there  is  no  possible  even  division  of  a  string  between 
J  and  -|,  there  is  no  "  natural "  harmonic  to  be  produced  between 
the  two  already  described.  The  so-called  artificial  harmonics 
which  can  be  used  on  the  violin  for  the  intermediate  notes 
between  the  "octave"  and  "octave-fifth"  are  explained  in 
CHAP.  ix. 
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CHAPTER  IV.— THE  -DOUBLE-OCTAVE  HARMONIC' 

75.  The  next  harmonic  in  the  series  produced  by  vibrating 
strings  is  obtained  by  the  division  of  a  string  into  quarters. 
Recalling  the  rule  given  in  par.  42,  that  the  half  and  the  quarter 
lengths  of  a  stretched  string  produce  notes  the  pitches  of  which 
are  respectively  one  and  two  octaves  higher  than  that  of  the 
whole,  it  will  be  evident  that  the  harmonic  to  be  produced  from 
the  quarter  of  a  string  will  be  two  octaves  higher  than  that  of  the 
fundamental. 

Experiment  XX. 

Adopting  the  plan  previously  described ^  divide  the  violin  G 
string  into  four  divisions,  3^  inches  apart,  and  make  a  chalk-mark 
on  the  finger-board  at  each  place.  There  will  thus  be  marks  at 
i,  1,  and  J,  measuring  from  the  nut.  The  stopped  notes  produced 
at  these  quarters  will  be  C,  G,  G : — 


Play  the  note  C  first  as  a  stopped  note,  and  then  as  a  harmonic^ 
and  you  will  hear  the  pitch  change  from  C  to  G — 


i 


two  octaves  higher  than  the  fundamental  open  G. 

76.  The  stopped  note  C  will  be  produced  by  the  vibration  of 
three-fourths  of  the  string  from  the  bridge  to  where  the  finger 
pressed  the  note  ;  but  the  harmonic  G  will  be  produced  through 
the  string  dividing  itself  into/oz^r  equal  segments,  each  of  which 
produces  the  harmonic  independently: — 


Watch  the  string  in  a  good  light  and  you  will  be  able  to 
see  a  node  formed  at  each  of  the  three  chalk-marks  whilst  the 
harmonic  is  being  played.  So  long  as  the  string  is  thus  divided 
into  quarters,  all,  or  any  two  of  the  three  nodes  can  be  "  damped  " 
at  the  same  time,  and  no  change  of  pitch  will  take  place.  The 
same  sound  is  produced,  too,  if  either  the  ^  or  f  7iode  is 
"damped"  separately,  and  observe,  as  in  the  case  of  the 
"octave-fifth,"  that  the  string  at  the  highest  division  produces 
the  same  pitch  either  as  a  harmonic  or  as  a  stopped  note. 
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77.  If,  however,  the  f  node  is  *'  damped  "  alone,  the  result  will 
not  be  the  "double-octave,"  because  the  string  will  then  vibrate 
in  halves,  and  the  "octave"  will  be  produced.  One  cannot,  of 
course,  produce  two  different  harmonics  at  the  same  node ; 
therefore,  when  two  or  more  divisions  of  a  string  arrive  at 

THE  SAME  PLACE,  THE  HARMONIC  ACTUALLY  PRODUCED  THERE 
WILL  ALWAYS  BE  THE  ONE  WHICH  BELONGS  TO  THE  NODE  WHICH 
IS    FORMED    WHEN    THE    STRING    IS    IN    ITS    LARGEST    DIVISION.        A 

moment's  reflection  will  show  that  some  of  the  nodes  of  the 
smaller  divisions  must  necessarily  be  the  same  as  those  of  larger 
ones  ;  thus  f  is  the  same  as  -|-,  and  f  and  ^  will  be  the  same  as 
-J  and  I",  etc. 

78.  The  higher  the  pitch  of  a  harmonic  becomes,  the  more 
difficult  it  is,  as  a  rule,  to  hear  it  together  with  a  fundamental ; 
but  the  following  experiment  on  the  violin  will  suffice  to  prove 
the  existence  of  the  "  double-octave  "  ; — 


Experiment  XXI. 
Tune  the  G  and  E  strings  to  F,  two  octaves  apart- 


W 


and  place  a  small  paper  ^^  rider,''  as  described  iu  Experiment 
XIV.,  on  the  highest  string.  Play  on  the  lowest  string  with 
strength  and  speed,  and  the  "  rider''  will  at  once  dance  violently 
and  then  fly  off. 

Experiment  XXII. 

To  prove  that  the  high  F  will  make  the  low  F  vibrate,  the 
^^  rider"  should  be  placed  on  the  lowest  string.  Now  bow  with 
strength  and  speed  on  the  highest  open  string,  and  the  ^^ rider" 
will  again  fly  off,  as  the  string  on  which  it  was  placed  is  dividing 
itself  into  four  segments,  thereby  vibrating  in  itnison  with  the 
twte  being  played. 

Experiments  at  the  Pianoforte. 

79.  The  "  double-octave  harmonic"  can  also  be  heard  on  the 
pianoforte,  as  already  fully  described.  Either  silently  press 
down  any  bass  note  and  then  strike  the  note  two  octaves  lower 
and  release  it,  as  explained  before,  or  lightly  press  any  bass 
string  with  the  finger  at  one-fourth  of  its  length  from  either  end, 
and  get  someone  to  strike  the  same  note  as  you  are  pressing. 
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Experiment  XXIII. 

THREE  HARMONICS  SOUNDING  TOGETHER. 

In  the  following  examples  first  silently  press  down  the  crotchets 
and  strike  the  nmiim,  and  you  will  hear  the  three  harmonics 
sounding  together  when  you  lift  your  finger  away  from  the  note 
you  struck,  the  others  remaining  doictt.  Next  silently  press  down 
the  minim  and  strike  the  crotchets,  and,  as  you  release  the  latter, 
you  will  hear  the  same  three  sounds  proceeding  from  the  string 
of  the  minim  note  you  are  still  pressing  down.  Notice  that  the 
fifth  in  the  chord  juust  always  be  a  perfect  fifth  : — 

-.    bs.    bp^     f 


C.  E.  Lo'sve. — Harmonics  and  Resultants. — Novello. 


34  HARMONICS   AND    RESULTANTS, 


CHAPTER  v.— THE  ''  MAJOR-THIRD  HARMONIC." 

80.  By  the  division  of  a   string  into   fifths  a  new  and  very 
interesting  harmonic,  that  of  the  "  major-third,"  is  produced. 


Experiment  XXIV. 

THE    SAME    HARMONICS    PRODUCED    AT    FOUR    DIFFERENT    NODES 

ON    THE    SAME    STRING. 

Mark  the  finger-board  of  the  violin,  as  before,  at  distances  of 
i'  f '  S'  i  from  the  nut  end.  There  will  now  be  five  segments  with 
four  nodes  shown,  and  as  none  of  these  nodes  come  at  places  which 
we  have  already  marked  in  the  previous  experiments,  it  will  be 
obvious  that  the  new  harmonic  can  be  produced  at  four  different 
PLACES  on  the  same  string: — 


In  the  following  example  the  juinims  show  the  stopped  notes 
which  will  be  produced  at  the  four  chalk-juarks,  and  the  crotchets 
the  harmonic  coining  from  the  same  places: — 

111^ 


t 


::^ 


"^1     I  2 
I    s       s 


Now  play,  for  example,  the  second  note,  E  {with  the  third  finger 
in  the  third  position),  as  a  stopped  note,  arid  then  as  a  harmonic, 
and  you  will  hear  the  pitch  change  from  E  to  B,  two  octaves  and 
a  major  third  higher  than  the  fundamental  G.  ^^Damp''  the 
string  at  any  fifth  singly,  or  at  any  or  all  of  them  together,  and 
the  sound  remains  precisely  the  same. 

81.  When  this  harmonic  is  required  in  vioHn  playing  it  is 
generally  taken  at  the  distance  of  ?  from  the  nut,  as  it  is  often 
used  in  combination  with  those  formed  at  J  and  ^;  but  it  should 
be    practised    at    each    node.       The    following    short    passage 
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introduces  harmonics  at  the  J-,  J,  and  J  divisions  of  the  G  and  D 

■ings:— 


strings  : 


3»   4)  "•"'^   5 

^A    ,^     j^     >^   "^   -^      ^9 


^^^^ 


T'r"'~T^3''T^  i^^^~r  1  t  t^^tiJTj 


82.  The  above  and  similar  harmonics  are  generally  printed 
with  somewhat  diamond-shaped  heads,  as  a  distinguishing  sign 
that  the  pitch  of  the  note  is  different  from  its  apparent  position 
on  the  stave.  The  actual  sounds  produced  are  usually  given 
above  the  harmonics  in  ordinary  notes,  which  also  serve  to  show 
the  correct  time-value  of  the  harmonics.  Violinists  do  not  need 
to  be  told  that  the  fingering  for  a  harmonic  always  includes  the 
sign  of  a  cypher — o. 

83.  The  "major-third  harmonic,"  at  first,  will  be  found  some- 
what more  difficult  to  produce  on  the  violin  than  those  previously 
given.  The  reason  is  that,  as  the  divisions  of  a  string  become 
more  minute,  the  harmonics  crowd  more  closely  together,  and 
the  nodes — on  which  the  "  damping  "  ?;n^5^  take  place — become 
correspondingly  smaller.  For  example,  the  node  which  forms 
at  the  half  of  the  string  for  the  "  octave  "  is  about  an  inch 
long,  and  quite  easily  seen,  but  those  formed  at  the  fifths  are 
so  small  as  to  be  almost  invisible  in  an  ordinary  way.  Much 
more  exactitude  is  necessary,  therefore,  in  placing  the  tip  of 
the  finger  at  the  precise  spot,  or  else  another  and  quite 
unexpected  harmonic  will  make  its  appearance  ! 

84.  Those  who  are  not  far  advanced  in  the  playing  of  harmonics 
will  probably  find  that  the  simplest  method  of  producing  the 
"  major-third  "  at  each  of  the  four  nodes  will  be  by  adopting  the 
plan  previously  suggested — namely,  of  placing  the  violin  on  a 
table  and  "damping"  the  string  at  each  node  with  the  feathery 
part  of  a  quill  pen. 

Experiments  at  the  Pianoforte, 

°5-.  The  "  major-third  harmonic  "  can  be  heard  on  most  good 
pianofortes  in  the  same  way  as  other  harmonics  ;  but  on  cottage 
pianofortes  and  very  old  instruments  it  is  sometimes  difficult,  or 
even  impossible,  to  distinguish  it. 


13  When  first  beginning  to  play  harmonics,  young  players  are  often  much 
puzzled  by  finding  that  a  lower  note  produces  a  higher  sound  than  a  higher 
note,  as  in  the  case  of  the  first  two  notes  in  the  example  given  above.  The 
reason  should  be  quite  clear  to  those  who  have  followed  the  precedingexperiments. 
For  the  first  note  the  string  vibrates  in  quarters,  but  for  the  second  it  vibratts 
in  thirds,  and  the  quarter  of  a  string  produces  a  higher  sound  than  the  third  of 
its  length. 
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86.  The  note  to  be  pressed  down  must  be  two  octaves  and  a 
major  third  above  the  note  which  is  struck — 


87.  It  will  considerably  assist  the  ear  in  listening  for  a 
particular  harmonic,  if  the  sound  to  be  picked  out  is  first  of  all 
softly  played  alone.  Thus,  in  the  preceding  example,  first  softly 
play  the  B  ;  then,  when  the  sound  of  it  has  quite  died  away, 
silently  press  down  the  same  note  and  strike  the  G.  When  you 
lift  away  your  finger  from  the  latter  note  you  will  probably  be 
able  to  easily  detect  the  sound  of  the  B  again.  If  you  fail  in 
this  case,  try  other  notes  before  giving  up  the  attempt,  as  some 
strings  will  produce  the  harmonics  better  than  others.  The 
fundamental  note  should  be  struck  firmly,  and  kept  sounding  for 
about  three  seconds,  and  instead  of  a  single  note  an  octave  can  be 
struck  in  the  bass.  If  the  pianoforte  experimented  upon  will 
produce  this  harmonic  with  sufficient  distinctness  for  it  to  be 
heard  at  all,  it  can  also  be  distinguished  together  with  the  three 
earlier  ones.^°     You  will  thus  be  able  to   prove  this  interesting 

fact that  A  COMPLETE    MAJOR  CHORD    IS  PRODUCED  BY  HARMONICS 

WHENEVER  A  FUNDAMENTAL  STRING  IS  SOUNDING.       The  following 

example  shows  the  notes  to  be  silently  pressed  down,  and  the 
fundamental  to  be  struck.  A  lower  octave  may  be  added  to 
the  minim  : — 


Tierce  de  Picardie. 

88.  The  natural  production  of  the  major  third  as  a  harmonic 
is  probably  the  reason  why,  especially  in  older  music, ^  so  many 
compositions  in  minor  keys,  by  the  old  cathedral  masters,  close 
with  a  major  tonic  chord  (known,  without  any  apparent  reason, 

^'^  Harmonics  are  not  always  so  distinctly  heard  in  quite  new  pianofortes  as  in 
those  which  have  had  a  little  use.  The  harder  the  hammer  hits  the  string  the 
clearer,  as  a  rule,  will  be  the  harmonics.  New  hammers  are  softer  than  those 
which  have  been  worn,  by  reason  of  the  felt  covering  on  them  not  being  cut 
through  with  use. 

21  Although  the  old  composers  probably  knew  very  little,  if  anything,  about 
the  theory  of  harmonics  sounding  with  a  fundamental,  their  ears  would, 
nevertheless,  be  very  alive  and  keen  to  anything  in  the  nature  of  a  dissonance, 
as  their  harmony  was  far  more  simple  and  free  from  discords  than  that  of 
modern  composers. 
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as  the  Tierce  de  Picardie,  or  Picardy  Third).  The  use  of  the 
Major  Tonic  Chord  avoids  the  slight  dissonance  (naturally  more 
noticeable  in  a  final  chord)  of  the  major  third  sounding  (as  a 
harmonic)  together  with  the  minor  third,  as  is  the  case  when  a 
minor  chord  is  employed. 

89.  Anyone  with  a  keen  musical  ear  and  who  has  had  some 
practice  in  listening  to  harmonics,  or  in  analysing  sounds,  etc., 
will  be  able,  in  the  following  way,  to  hear  on  a  good  pianoforte 
the  slight  ill-effect  of  the  dissonance  described  above. 


Experiment  XXV. 
Silently  press  down,  say,  E  natural — 


then  strike  with  force  the  following  chord — 


Keep  it  sounding  for  about  two  seconds,  or  a  trifle  longer^  and  then 
release  the  three  lowest  notes.  It  will  be  quite  possible  to  detect 
the  E  natural  sounding  together  with  the  E  flat  which  is  still 
being  pressed  down.  Now  put  down  the  right-foot  pedal  and  strike 
the  chord  again — C,  C,  G,  E  flat — without  pressing  down  the  E 
natural,  and  if  you  listen  with  your  ear  as  close  as  possible  to  the 
strings  of  the  pianoforte,  you  will  be  able  to  hear  a  distinct  jarring 
produced  from  E  flat  and  E  iiatural  sounding  together. 

go.  Sufficient  evidence  of  the  use  of  the  Tierce  de  Picardie  will 
be  found  by  examining  the  closing  chords  of  the  preludes  and 
fugues  in  minor  keys  in  Bach's  immortal  '*  Forty-eight,"  and  of 
the  "  Amens  "  to  hymn  tunes  in  minor  keys. 

91.  The  "  major  third  "  will  be  heard  perfectly  easily  without 
the  fundamental  by  pressing  a  bass  string  at  ^y  |- ,  -|,  or  f  from 
either  end,  as  described  for  the  earlier  harmonics.  A  continuation 
of  the  latter  part  of  Experiment  XXIII.  is  hardly  practicable,  but 
it  might  be  tried  on  a  good  pianoforte. 

92.  An  excellent  way  of  hearing  the  combined  harmonics 
produced  from  a  fundamental  string  on  a  grand  pianoforte  is  as 
follows. 
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Experiment  XXVI. 

COMBINED  HARMONICS  SOUNDING  TOGETHER. 

Put  down  the  right-foot  pedal  and  strike  a  fairly  deep  bass  note. 
Allow  it  to  sound  for  about  four  seconds,  and  then  stop  its  further 
vibration  by  pressing  something  {a  handkerchief  or  a  violin  pad 
will  serve  admirably)  on  the  string  of  the  note  you  struck.  A 
beautiful  soft  major  chord  will  be  heard  coming  from  the  strings 
which  have  been  set  vibrating  in  sympathy  with  the  harmonics 
produced  by  the  one  funda7nental  which  was  sounded.  The  sound 
will,  of  course,  cease  as  soon  as  you  lift  up  the  pedal  and  allow  the 
dampers  to  fall.  The  effect  will  be  still  better  if  you  strike  an 
octave  in  the  bass  and  then  stop  the  vibrations  of  the  two  strings 
as  before. 

93.  After  a  little  practice  in  the  above  experiment  it  will  be 
thoroughly  clear  to  the  student  what  is  meant  when  it  is  stated 
that  a  string  does  not  merely  produce  a  single  or  purely  simple 
tone,  but  a  composite  clang  of  many  sounds.  The  experiment 
will  still  further  prove  how  important  a  part  the  right-foot 
pedal  plays  in  pianoforte  tone-production.  Not  only  does 
it  serve,  when  pressed  down,  to  sustain  sound,  but  it  also  con- 
siderably brightens  and  enriches  the  tone,  by  allowing  the  free 
sympathetic  vibration  of  strings  tuned  to  the  various  pitches  of 
the  harmonics  emanating  from  the  notes  which  are  struck. 
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CHAPTER  VI.— THE  "  DOUBLE-OCTAVE-FH^'H 

HARMONIC." 

94.  A  very  short  explanation  should  suffice  for  the  next 
harmonic,  that  of  the  "double-octave-fifth."  It  is  produced  by 
dividing  a  string  into  six  segments,  and  the  pitch  of  the  note  will 
be  one  octave  higher  than  that  obtained  when  the  string  is 
divided  into  thirds.  This  rule  applies  throughout  the  whole 
series    of    harmonics,    that    the    multiple    of    any   division 

PRODUCES  A  note  AN  OCTAVE  HIGHER  THAN  THAT  OF  THE 

LOWER  DIVISION.  Thus,  ^  of  a  string  is  an  octave  higher  than  f  ; 
i  is  an  octave  higher  than  ^ ;  ^  is  an  octave  higher  than  ^  ;  and 
so  on.  As  each  division  occurs  for  the  first  time, — such  as  l,  ^, 
^,  etc. — a  7iew  harmonic  with  quite  a  different  pitch  is  produced. 

95.  The  following  experiment  should  prove  interesting: — 

Experiment  XXVII. 

Divide  the  G  string  of  the  violin  into  six  divisions.  The  \from 
the  nut  will  be  where  one  plays  B  flat^  and  the  f  will  he  just  above 
the  finger-board.  Now  play  the  low  B  flat  as  a  stopped  note  and 
tJien  as  a  harmonic^  and  it  will  he  noticed  that  the  pitch  changes 
from  B  flat  to  D,  two  octaves  and  a  fifth  higher  than  the  funda- 
mental G — 


This  harmonic  can  only  he  produced  singly  at  the  two  extreme 
nodes,  -J-  and  |-,  as  the  f  and  ^  are  the  same  as  ^  and  §,  and  the  ^ 
is  the  same  as  J.  It  is  quite  possible  to  '^damp  "  with  two  fingers, 
say,  the  J  atid  f  nodes.  The  string  will  then  be  divided  into  six 
segments — 

12345 


and  will  produce  the  high  Z),  as  just  shown.  Now  lift  away  the 
finger  from  the  lower  itode,  and  the  string  instantly  groups  itself 
into  three  segments — 


and  the  pitch  of  the  harjnonic  drops  an  octave, 

96.  This  harmonic  completes  the  natural  harmonics  in  fairly 
general  use  on  the  violin.     The  following  table  gives  them  in  a 
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complete  form  on  the  G  string.  The  minims  represent  the 
stopped  notes  and  the  crotchets  the  harmonics.  The  figures  give 
the  measurements  of  the  string,  counting  from  the  nut,  the 
lower  figure  always  indicating  the  number  of  segments  into 
which  the  string  is  divided.  It  should  be  remembered  that  the 
number  of  7todes  is  always  one  less  than  that  of  the  segments. 


$ 


-«2- 


-■t=- 


I       3 


n 


Fundamental. 


'     s 


The  student  is  advised  to  make  similar  tables  for  the  other 
strings,  and  to  practise  the  harmonics  at  all  the  various  places 
on  the  four  strings. 

97.  The  "  double-octave-fifth "  co-mingles  with  the  other 
harmonics  as  described  in  Experiment  XXVI.,  and  it  can  also  be 
heard  by  itself  on  the  pianoforte  in  the  same  way  as  has  been 
already  explained  for  the  others. 
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CHAPTER  VII.— THE  '*  MINOR-SEVENTH  HARMONIC." 

98.  The  next  harmonic,  produced  by  dividing  a  string  into  seven 
segments,  although  rarely  met  with,  requires  special  notice  for 
various  reasons.  It  will  be  advisable,  although  perhaps 
troublesome,  to  measure  the  violin  G  string  as  before,  and  to 
mark  it  this  time  in  seven  equal  divisions.  When  this  is  done 
it  will  be  found  that  all  of  the  first  five  nodes  {^  to  -J)  fall  hetiveen 
notes  which  are  used  in  playing.  Thus  \  comes  between  the 
semitones  A  and  B7  ;  -f-  between  C  and  CJ  ;  and  so  on.  With 
practice  it  is  quite  possible  to  produce  the  harmonic  at  all  these 
nodes  ;  but  when  the  harmonic  is  used  in  playing  it  is  always 
taken  at  the  highest  (y)  node,  which  will  be  found  about  half-an- 
inch  rtioz;^  the  finger-board.  Place  the  tip  of  the  finger  lightly 
on  the  exact  spot,  and  play  with  the  bow  near  to  the  bridge,  and 
the  harmonic  will  ring  out  clearly.  The  pitch  of  the  note  will  be 
that  of  F,  two  octaves  and  a  minor  seventh  higher  than  the 
fundamental  open  G — 


99.  There  is  a  peculiarity  about  this  harmonic  which  will  be 
at  once  apparent  to  a  musical  ear,  namely,  it  is  zomfwhdii flatter 
than  the  correct  note  of  the  scale.  There  is  no  possible  way  of 
overcoming  this  flatness,  and  it  is  hardly  sufBcient  to  debar  the 
occasional  employment  of  the  harmonic.  The  flatness  can  be 
noticed  by  testing  the  harmonic  with  the  corresponding  note  of 
the  pianoforte,  or  by  playing  first  the  lower  octave  and  then  the 
harmonic  on  the  G  string: — 


100.  The  minor-seventh  harmonic  cannot,  as  a  rule,  be  heard 
together  with  a  fundamental  on  a  pianoforte,  for  a  very  important 
reason.  It  is  a  dissonant  harmonic  in  two  respects,  being  not 
only  a  trifle  flat,  but  forming  a  dissonant  interval  (that  of  the 
minor  seventh)  to  its  fundamental ;  unlike  all  the  previous 
harmonics,  which  formed  consonant  intervals.  It  has  been 
proved  by  experience  that  its  inclusion  as  a  harmonic  does  not 
improve  the  tone-quality  of  the  lower  notes  of  a  pianoforte — 
rather  the  reverse — and  therefore  the  hammers  of  the  bass  notes 
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are  arranged  so  that  they  shall  strike  the  strings  at  a  distance 
from  the  top  pin  of  about  4  to  ^  of  their  whole  length.  By  so 
doing  the  possibility  of  a  node  forming  at  this  particular  place  is 
destroyed,  for,   wherever   a    string   is    plucked,   struck,   or 

BOWED,  NO  HARMONIC  WHICH  REQUIRES  THAT  SPECIAL  SPOT  FOR 
ONE  OF  ITS  NODES  CAN  FORM.'^^ 

loi.  There    are    several    simple   ways    in    which    the    above 
important  fact  can  be  demonstrated. 

Experiment  XXVIII. 

HOW  TO  prevent  THE  FORMATION  OF  A  HARMONIC. 

Divide  the  violin  G  string  once  inore  into  fifths.     Play  in  the 
usual  manner,  say,  the  harmonic  at  the  second  (f)  node — 


with  the  how  placed  about  an  inch  from  the  bridge.  Now,  whilst 
still  ^^ damping''  the  note  E  for  the  harmonic,  shift  the  bow  on  to 
the  4  node,  and  it  ivill  be  found  impossible  to  produce  any  musical 
sotmd.  The  string  being  bowed  on  at  one  of  its  even  divisions,  no 
node  can  form  at  that  spot,  consequently,  no  harmonic  which 
requires  that  place  for  one  of  its  nodes  can  be  obtained.  Shift  the 
bow  a  very  small  degree  either  above  or  below  the  node,  and  the 
harmonic  will  ^^ speak'*  again.  If,  whilst  bowing  on  the  ^node, 
the  finger  is  pressed  tightly  on  the  string  at  E,  the  stopped  note 
will  of  course  sound ;  or,  again,  if  the  string  is  '^damped,"  say,  at 
I  or  i,  either  of  the  harmonics  which  belojig  to  those  divisions  can 
be  obtained,  as  neither  of  them  forms  a  node  at  onefifth  of  the 
strinar. 

o 

102.  The  above  experiment  will  demonstrate  an  important 
matter  regarding  the  placing  of  the  bow  in  violin  playing.  The 
nearer  the  bow  is  brought  to  the  bridge  (of  course  in  moderation) 
the  clearer  and  louder  will  be  the  sound  produced,  for  the 
fundamentals  will  be  accompanied  by  many  harmonics  which 
serve  to  brighten  the  tone  ;  but  the  nearer  the  bow  is  brought  to 
the  finger-board  the  duller  and  softer  will  be  the  sound,  because 
several  harmonics  will  be  excluded  from  participating  in  the 
tone.-^       Playing    on    the    open    strings,   the    only   harmonics 

22  The  minor-seventh  harmonic  can  sometimes  be  heard  proceeding  from 
the  covered  bass  strings  of  a  grand  pianoforte.  The  covering  somehow  seems 
to  re-establish  the  vibrations  which  were  stopped  by  the  first  blow. 

2'^  It  must  also  be  borne  in  mind  that  the  mere  fact  of  placing  the  bow  over 
the  finger-board  instead  of  over  the  sound-holes  will  serve  to  considerably  cloud 
the  tone. 
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excluded  by  placing  the  bow  anywhere  between  the  bridge  and 
the  finger-board  are  those  beginning  from  the  sixth  division 
upwards;  but  when  notes  are  stopped  higher  up  the  string,  some 
of  the  earlier  and  more  important  harmonics  might  be  easily 
destroyed  by  placing  the  bow  too  near  the  finger-board  ;  hence 
the  following  may  be  taken  as  a  general  recommendation  : — The 
higher  tlie  fingers  are  placed  on  the  strings  the  nearer  the  how  may 
come  to  the  bridge. 

103.  To  make  the  above  remarks  still  clearer,  the  violin  student 
is  advised  to  try  playing,  say,  the  opening  eight  bars  of  Raff's 
*'  Cavatina  "  on  the  G  string,  and  to  notice  the  difference  in  the 
quality  of  tone  produced  (i.)  with  the  bow  placed  throughout  the 
phrase  at  the  distance  of  half-an-inch  below  the  finger-board  ; 
(ii.)  just  above  the  finger-board  ;  (iii.)  midway  between  the  bridge 
and  finger-board. 

Experiments  at  the  Pianoforte. 

104.  A  further  striking  demonstration  of  the  variety  in  tone- 
quality  which  can  be  produced  from  the  same  string  according  to 
the  place  where  it  is  struck,  can  be  observed  on  a  grand 
pianoforte. 

Experiment  XXIX. 

VARIOUS    tone-qualities    PRODUCED    FROM    ONE    STRING. 

Open  the  lid  of  tlie  pianoforte,  and  get  someone  to  press  down  on 
the  keyboard  the  corresponding  note  of  any  bass  string.'^^  Now 
with  a  small  felted  gong  hammer  strike  the  string  of  the  note  that 
is  being  pressed  at  different  distances,  beginning  from  just  above 
the  end  pin  until  the  exact  7niddle  is  reached,  where  a  white  chalk- 
mark  might  be  placed}''  Various  qualities  of  tone  will  be  observed; 
but  that  produced  at  the  centre  will  be  very  unsatisfactory,  being 
dull  and  thin  instead  of  rich  and  grand.  This  ivill  be  occasioned 
by  the  fact  that  the  string,  being  struck  at  the  middle,  no  node  can 
form  there,  and  consequently  the  harmoyiics  of  the  i,  i,  i,  etc.,  are 
destroyed.  The  harmonics  formed  at  the  ^,  \,  etc.,  will  not, 
however,  be  interfered  with,  and  can  he  heard  very  distinctly.  If 
the  string  is  struck  close  up  to  the  end  pin  the  tone  will  he  shriller, 
as  the  discordant  ythand  gth  harmonics  will  join  in  the  ^^  composite 
clang''  of  the  fundamental,  and  only  when  the  string  is  struck  at 
the  same  distance  from  the  end  as  the  hammer  is  from  the  top  will 
the  best  quality  of  tone  he  produced. 

2*  Or  the  ivory  key  can  be  kept  pressed  down  by  a  weight, 
25  This  will  be  useful  in  the  next  experiment. 
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105.  The    following    is    another    and    more    visible    way   of 
proving  the  preceding  facts. 

Experiment  XXX. 

Ctit  a  small,  flat  piece  of  cork  and  place  it  along  the  string  of, 
say   the  bass  note  C — 


of  a  grand  pianoforte.  Press  down  the  corresponding  note  on  the 
keyboard,  and  then  strike  the  C  one  octave  lower,  and  the  cork  will 
be  violently  agitated,  for  reasons  explained  in  Experiment  V.  Now 
replace  the  cork  and  continue  to  press  down  the  same  note;  b'ut 
instead  of  sounding  the  lower  octave  in  the  usual  way  strike  the 
string  with  the  gong  hammer.  So  long  as  the  string  is  struck 
anywhere  except  at  the  middle  the  cork  on  the  strings  of  the  note 
an  octave  higher  will  continue  to  be  agitated  ;  but  when  you  strike 
at  the  exact  middle  the  cork  will  remain  qniet,  because  the  struck 
note  cannot  then  produce  its  octave  harmonic.  In  the  same  way 
you  can  place  the  cork  on,  say,  G,  and  strike  the  same  C  as  before — 


^•= 


at  the  distance  of  ^  from  either  end,  and  the  cork  will  remain 
q^Liet.  But  strike  the  C  in  the  middle  and  the  cork  will  be 
agitated  again,  as  the  harmonic  at  the  third  division  has  of  course 
no  node  in  the  middle  of  the  string. 

106.  The  reason  why  a  node  does  not  form  at  the  actual  point 
where  the  string  is  struck,  etc.,  is  because,  being  necessarily 
most  violently  agitated  at  that  particular  spot,  the  string  cannot 
be  sufficiently  at  rest  there  to  form  a  node. 

107.  To  attempt  a  scientific  explanation  of  the  reason  why 
strings  subdivide  themselves  into  vibrational  portions  at  the  same 
time  as  they  vibrate  in  their  whole,  would  go  beyond  the  purpose 
of  this  elementary  treatise.-^  The  following  simple  explanation 
may,  however,  be  of  service,  although  it  is  practically  impossible 
to  picture  in  one's  mind  what  really  happens.  When  a  string  is 
fixed  at  both  ends,  as  in  a  violin,  pianoforte,  harp,  etc.,  a 
succession  of  what  may  be  termed  sound-waves  travels  along  the 
string  whenever  it  is  struck,  plucked,  or  bowed.  As  the  first  of 
these  waves  reaches  the  fixed  end  it  is  reflected  (that  is  to  say,  it 
is  driven  back  again  when  further  progress  becomes  impossible), 

26  A  list  of  more  advanced  works  on  the  subject  is  given  at  the  beginning. 

< 
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and  in  returning  it  meets  another  wave  coming  from  the  opposite 
direction.  The  two  waves  cannot  pass  each  other  ;  but  as  they 
meet  one  is  pushed  to  the  right  and  the  other  to  the  left,  with 
the  consequence  that  the  exact  point  of  meeting,  being  urged  by 
equal  forces  in  two  opposite  directions  at  the  same  time,  will  not 
move  in  either  direction,  and  becoming  thus  stationary,  produces 
a  node.  As  soon  as  this  occurs  the  sound-waves  become 
reflected  from  the  node  as  well  as  from  the  fixed  ends,-"^  and 
consequently  a  series  of  nodes  quickly  forms  with  harmonics 
sounding  from  the  vibrating  segments  between  them 


27  The  fixed  ends  of  strings  do,  in  reality,  form  nodes  themselves. 
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CHAPTER    VIII.— THE    HIGHEST    NATURAL 
HARMONICS. 

108.  Occasional  use  is  made  on  the  violin  of  harmonics 
produced  by  dividing  the  string  into  eight,  nine,  and  ten 
segments.  These  can  only  be  taken  at  the  nodes  close  to  the 
bridge,  for  the  reason  given  in  par.  98.  The  pitch  of  these  three 
notes  on  the  violin  G  string  will  be  G,  A,  B,  respectively: — 

:t:      --P      4= 


^ 


The  G  and  B  are  octaves  to  those  formed  by  dividing  the  string 
into  quarters  and  fifths ;  the  A  forms  a  new  harmonic  as  regards 
pitch. 

109.  It  cannot  be  said  that  even  these  are  the  highest 
harmonics  which  can  be  heard,  for  by  placing,  say,  the  edge  of  a 
thin  coin  on  the  string  quite  close  either  to  the  bridge  or  nut, 
whilst  the  extreme  side  of  the  bow-hair  is  brought  almost  on  to 
the  bridge,  it  is  possible  to  continue  producing  them  as  far  as  the 
sixteenth  division.  Needless  to  say,  these  latter  notes  cannot  be 
used  in  playing,  and  are  only  interesting  in  experimenting. 
These  high  harmonics  can  also  be  heard,  without  fundamentals, 
on  a  grand  pianoforte  by  moving  the  finger  at  various  minute 
distances  along  the  portion  of  string  above  the  hammer  (or  near 
the  end  pin),  striking  the  string  in  the  usual  manner  at  each 
separate  distance. 

no.  From  very  long  strings  harmonics  can  be  produced  even 
to  the  twentieth  division.  The  following  table  gives  a  complete 
list  of  the  whole  twenty.  In  consequence  of  the  height  of  the  top 
notes  the  open  G  string  of  the  violoncello,  instead  of  the  violin, 
has  been  taken  as  the  fundamental : — 

Sva 
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1 — r: 


Funda-    j 
mental. 


IS       IS        17        IB       19       20 


III.  A  few  of  the  above  notes  are  a  little  flatter,  and  others 
somewhat  sharper  than  the  corresponding  notes  in  general  use. 
It  will  be  very  apparent,  on  looking  at  the  above  table,  how  much 
more  closely  the  harmonics  crowd  together  as  the  division  of  the 
string  becomes  smaller.  Between  the  fundamental  and  its  first 
octave   there  is    no   harmonic  ;    between    the    first   and    second 
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octaves  there  is  one  ;  between  the  second  and  third  there  are 
three  ;  between  the  third  and  fourth  there  are  seven  ;  and  between 
the  fourth  and  fifth  there  would  be  fifteen,  or  more  notes  than 
are  used  in  the  octave  in  what  may  be  called  civilised  music.'^^ 
The  reason  for  this  constant  drawing  together  of  the  harmonic  is 
very  simple  if  it  be  remembered  that  the  octave  to  any  note  is  its 
exact  double  in  number,  and  that  a  new  harmonic,  as  far  as  pitch 
is  concerned,  appears  at  every  aliquot  division  of  a  string.  There- 
fore, the  C  at  y^y  will  have  its  octave  at  -^-^^  and  as  Bjj  comes 
at  J-^  there  must  be  an  intermediate  sound  between  Btf  and  C 
at  /j,  and  so  on. 

Chords  and  Conflicting  Harmonics. 

112.  Before  leaving  the  subject  of  natural  harmonics,  it  may 
be  of  interest  to  point  out  what  an  important  part  they  play  in 
chord  combinations.  Those  who  have  followed  the  experiments 
in  the  previous  chapters  will  have  noticed  that  the  higher  the 
fundamental  is,  the  less  distinctly  will  the  upper  harmonics  be 
heard.  It  is  obvious  that  a  major  triad  produces  very  dissonant 
harmonics,  the  harmonic  fifth  of  the  third  of  the  chord,  for 
instance,  forming  a  major  seventh  to  the  tonic.  If  the  three  notes 
of  a  triad  are  placed  close  together  in  the  bass  their  harmonics 
produce  a  bad  effect ;  but  if  the  chord  is  spread  out  so  that  the 
third  is  placed  higher,  say,  than  the  fifth  the  ill-effect  is  scarcely 
noticeable,  as  the  high  harmonics  are  not  so  acutely  heard. 
This  will  be  at  once  apparent  if  the  two  following  chords  a  and  h 
are  struck  separately  on  a  pianoforte,  with  the  pedal  pressed 
down.  The  chords  should  be  listened  to  with  the  ear  near  to  the 
strings.  The  small  notes  in  the  examples  give  the  first  four 
harmonics  of  each  note.  The  chords  sound  still  better  if  played 
as  at  c  or  d,  in  which  case  the  harmonics  v/ill  be  an  octave 
higher  than  at  h  : — 


Summary  of  Facts  about  Harmonics. 

113.  Before  proceeding  to  the  artificial  harmonics  it  will  be  as 
well  to  tabulate  the  principal  and  most  important  facts  about 
harmonics  in  general. 

-^  In  Arabian  and  Persian  music,  for  example,  relations  of  intervals  are  met 
with  that  are  not  employed  in  European  or  modern  music. 
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HOW  HARMONICS  ARE  PRODUCED. 

{a)  When  a  string  is  "  damped  "  (lightly  touched)  at  one  of  its 
aliquot  (even)  divisions  the  result  is  to  destroy  the  fundatnental 
note,  and  to  bring  out  with  greatly  increased  prominence  a 
harmonic  (overtone,  or  partial)  which  is  always  naturally  present 
and  sounding  (but  in  an  extremely  subdued  form)  whenever  the 
fundamental  is  freely  vibrating. 

NATURAL    HARMONICS. 

(6)  No  note  can  be  produced  as  a  natural  harmonic  unless  it  is 
one  of  the  series  of  harmonics  which  sound  together  with  a 
fundamental ;  therefore  it  is  not  possible  to  produce  a  natural 
harmonic  on  the  G  string  between  any  of  those  given  in  the 
table  in  par,  iio. 

COMPOSITE    CLANGS    AND    SIMPLE    TONES. 

(c)  It  has  been  demonstrated  that  fundamental  notes  are 
composite  clangs  of  various  sounds.  Harmonics,  however,  more 
nearly  approach  pure  simple  tones,  and  hence  arises  the  difference 
in  quality  between  stopped  notes  and  harmonics.  Although 
admiration  and  astonishment  may  be  excited  when  one  hears 
harmonics  produced  from  the  thaumaturgical  fingers  of  a  Kubelik, 
no  one  will  deny  that  a  long  passage  consisting  of  artificial  and 
natural  harmonics  sounds  very  insipid  and  unsatisfactory.  This 
bears  out  the  statement  made  in  par.  44  that  harmonics  (forming 
a  composite  clang)  greatly  enhance  the  beauty  and  quality  of  a 
fundamental ;  for  if  fundamentals  could  be  freed  from  harmonics 
they   would    sound    sweeter,    perhaps,    but    thinner   and   more 


unmterestmg. 


HARMONICS    AND    FLUTES. 


(d)  Harmonics  are  often  called  flageolets^^  or  flute  notes, 
because  they  so  nearly  resemble  the  tones  of  the  latter  instru- 
ment. This  is  because  flutes  produce  notes  which  are  much 
simpler  (that  is  to  say,  contain  fewer  harmonics)  than  other 
instruments. ^°  Consequently,  flute  notes  and  harmonics  are  very 
much  of  the  same  character  and  quality.  It  is  generally  accepted 
that  flutes  are  somewhat  uninteresting  instruments  to  listen  to 
for  long  by  themselves.  They  need  the  combination  of  some 
other  instrument  to  counteract  their  simple  sweetness. 

29  Flageolets  are  wind  instruments  akin  to  the  flute. 

30  Flutes  only  produce  the  octave-harmonic. 
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VARIETY   OF   TONE-COLOUR    IN    DIFFERENT    INSTRUMENTS. 

(e)  All  musical  instruments,  as  well  as  the  human  voice, ^^ 
pipes,  bells,  etc.,  produce  harmonics  (they  can  often  be  heard 
with  remarkable  distinctness  in  church  bells,  for  instance),- but 
they  do  not  all  produce  the  same  number,  or  produce  them  in  the 
same  order. ^-  It  was  discovered  by  Helmholtz  that  the  distinctive 
difference  in  tone-colour  between  various  instruments,  by  which 
one  is  able  to  distinguish,  say,  a  violin  from  a  clarinet,  is  due  to 
this  variety  in  their  harmonics.  Thus,  violins,  violoncellos, 
harps,  etc.,  produce  the  same  harmonics  and  have  the  same 
characteristic  tone-colour  (the  resemblance  between  the  harp  and 
notes  played /'/2:2icn/o  on  the  violin  must  be  remembered).  On 
the  other  hand,  flutes,  clarinets,  oboes,  etc.,  each  produce 
different  series  of  harmonics,  and  consequently  have  distinctive 
characteristics  in  their  tone-colour.  This  similarity  or  difference 
is,  of  course,  irrespective  of  size  of  instrument,  mode  of  execution, 
variety  of  string  material,  etc. 


31  As  many  as  sixteen  harmonics  have  been  discovered  in  a  bass  voice. 
Soft,  sweet  voices  produce  fewer  harmonics  than  those  which  are  harsh  and 
rough. 

^2  A  tuning-fork  may  be  taken  as  the  nearest  approach  to  a  pure,  simple 
sound,  practically  free  from  harmonics. 
C.  E.  Lowe.— Harmonics  and  Resultsuits.— Novello.       D 
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CHAPTER   IX.— ARTIFICIAL   HARMONICS. 

114.  If  the  previous  chapters  have  been  understood  a  very 
short  explanation  will  suffice  for  the  so-called  ''artificial" 
harmonics.  The  easiest  of  these,  and  the  one  most  often  used, 
is  that  of  the  "  double-octave."  It  is  obtained  by  simultaneously 
pressing  the  first  finger  tightly  on  the  string,  so  as  to  produce  a 
new  fundamental,  and  lightly  "  damping  "  with  the  fourth  finger 
at  the  distance  of  a  perfect  fourth.  In  this  way  the  double- 
octave  to  any  note  from  A  flat  below  the  lines  to  about  A  above 
the  lines  (or  higher,  according  to  the  ability  of  the  player)  may  be 
obtained,  and  a  complete  chromatic  scale  played  in  harmonics  on 
the  violin  : — 


i^ 


't^i 


^■pr 
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The  first  and  last  harmonics  in  the  above  example  are  those  of 
the  natural  "  double-octaves  "  on  the  G  and  D  strings. 

115.  Other  artificial  harmonics  are  obtained  by  varying  the 
distance  between  the  "  stopped  "  and  *'  damped  "  notes.  Thus  a 
perfect  fifth  between  them  produces  the  "  octave-fifth  "  to  the  new 
fundamental;  a  major  third  between  produces  the  "  major-third  "  ; 
a  minor  third  between  (very  difficult  to  make  "  speak")  produces 
the  double-octave-fifth";  and  an  octave  between  (only  possible 
in  the  lower  positions  b}'  those  with  long  stretching  powers) 
producesthe  "octave."    Beyond  these  it  is  not  necessary  to  go  : — 


^ 


:*= 


I  I  I   ,       ^ 

In  all  of  the  above  examples  the  lower  crotchet  indicates  the  funda- 
mental note  to  be  pressed  down,  the  minim  the  one  to  be  "damped," 
and  the  upper  crotchet  the  pitch  of  the  harmonic  produced. 

116.  The  use  of  artificial  harmonics  may  be  said  to  date  from 
Paganini  (1782-1840),  who  employed  them  to  a  remarkable  extent 
in  his  playing  and  compositions.  Although  they  have  hardly 
ever  been  introduced  into  purely  classical  works,  they  form  an 
important  part  in  the  technical  equipment  of  those  who  wish  to 
become  virtuoso  players,  or  to  be  able  to  fully  interpret  the  violin 
music  of  such  composers  as  Paganini,  De  Beriot  (1802-1870), 
Ernst  (1814-1865),  Vieuxtemps  (1820-1881),  Wieniawski  (1835- 
1880),  Sarasate  (1844),  etc.  Spohr  (1784-1859)  denounced 
artificial  harmonics  in  no  measured  terms,  and  spoke  of  them  as 
"  degrading  a  noble  instrument."  But  perhaps  one  may  venture 
to  suggest  that  if  Spohr  had  lived  in  the  latter  part  of  the 
nineteenth  century  he  might  possibly  have  modified  his  opinion. 
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CHAPTER  X.— INTONATION  AND  RESULTANTS. 

117.  Before  explaining  Resultants  it  will  be  necessary  to  make 
a  few  observations  on  vibration  and  intonation. 

118.  It  has  been  already  stated  (par,  io)  that  whenever  two 

SOUNDS  from  similar  OR  DIFFERENT  SOURCES  PERFECTLY  AGREE 
IN  PITCH,  THE  REASON  FOR  THIS  AGREEMENT  IS  THAT  THE 
VIBRATIONS  WHICH  CAUSE  THE  SOUNDS  ARE  EXACTLY  EQUAL  IN 
NUMBER  {{),  AND    THE    TWO  SOUNDS  WILL   THEREFORE  BE    SAID  TO 

BE  IN  UNISON.  The  vibrations  of  all  intervals  (as  seconds,  thirds, 
etc.)  have  specified  ratios  ;  those  of  the  consonant  intervals  being 
as  follow : — 


Vibration  Ratios  of  Consonant  Intervals. 

Perfect  Unison     =     \         Perfect  Octave     = 
Perfect  5th  :=:     f         Perfect  4th  = 

Major  3rd  r=z     f         Minor  3rd  = 

Major  6th  ==     |         Minor  6th  == 


2 

T 
4 

6 

8 
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e.g.,  in  the  case  of  an  octave  the  higher  note  gives  two  vibrations 
to  each  one  of  the  lower  note.  Thus,  if  middle  C  vibrates 
256  times  per  second,  the  upper  octave  will  vibrate  512  times 
per  second.  In  the  major  third  the  upper  note  will  give  five 
vibrations  to  ewery  four  of  the  lower  note  ;  and  so  on.  Of  the 
intervals  given  above  the  unison,  octave,  fifth,  and  fourth  are, 
respectively,  the  most  perfect  and  consonant  by  reason  of  their 
vibrations  most  often  coinciding. 

Beats. 

119.  When  two  sounds  of  the  same  pitch — producing  the 
unison — are  played  exactly  in  tune  on  the  violin,  or  when  two  or 
three  strings  are  similarly  tuned  on  the  pianoforte,  the  combined 
sounds  produce  the  effect  of  a  single  note  with  an  increased  tone 
as  compared  to  that  produced  from  one  string.  But  when 
sounds  or  strings  are  a  shade  out  of  tune  with  one  another,  a 
peculiar  trembling  or  puffing  kind  of  sound  is  heard,  known  by 
the  name  of  Beats. 

120.  Beats  can  be  very  distinctly  heard  when  playing  on  the 
violin  in  the  following  way  : — 

Experiment  XXXI. 

Play  A  on  the  D  string  (best  with  the  second  finger  in  the  third 
position)  together  with  the  open  A  string — 
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SO  that  the  pitch  agrees  exactly.  Now  alter  the  fingered  A  so  as 
to  make  it  a  shade  flatter  or  sharper  than  the  open  Ay  and  draw 
the  bow  very  straight  and  with  fair  pressure  on  the  strings.  The 
trembling  sound  described  above  will  be  at  once  heard  ;  slowly  at 
first,  but  gradually  faster  the  farther  the  finger  is  moved  from  its 
correct  pitch.  When  the  notes  are  the  distance  of  a  semitone  apart 
the  beats  are  too  rapid  to  be  disagreeably  noticeable. 

121.  The  reason  for  the  above  phenomenon  is  that  beats  are 
caused  through  the  difference  in  vibration  between  the  two  notes 
occasioning  them.  Consequently  just  as  many  beats  per  second 
will  be  heard  as  there  are  vibrations  more  or  less  in  one  of  the 
two  notes.  Thus,  if  open  A  vibrates  426  times  and  the  A  on  the 
D  string  only,  say,  420  times  there  will  be  six  beats  per  second 
heard  ;  and  so  on.  Listening  for  beats  is  the  principal  guide  to 
correct  pianoforte  tuning. 


Just  and  Tempered  Intonation. 

122.  If  all  intervals  are  tuned  in  what  is  known  as  jtcst  or 
perfect  intonation,  more  than  twelve  notes  are  necessary  for  an 
octave,  as  a  distinct,  although  very  slight  difference  occurs 
between  all  enharmonic  notes,  such  as  B|:-Ck|,  Fijf-Gl?,  etc.  In 
keyboard  instruments,  such  as  the  pianoforte,  it  is  not  practic- 
able to  employ  more  than  twelve  different  pitches  in  an  octave, 
therefore  a  method  of  tuning  is  adopted  by  which,  whilst  keeping 
all  octaves  in  just  intonation,  other  intervals  are  regulated  or 
tempered  so  as  to  make  all  enharmonics  of  identical  pitch. 
This  is  called  Tempered  intonation.  Some  such  system  dates 
from  the  time  of  Bach,  who  wrote  his  Forty-Eight  Preludes  and 
Fugues  for  the  "well-tempered  clavichord."  Without  pursuing 
this  intricate  subject  farther,  the  following  example  may,  perhaps, 
serve  to  make  it  clearer.  The  lowest  C  of  a  pianoforte  has  about 
thirty-two  vibrations  per  second.^^  The  seven  successive  octave 
C's  will  therefore  have,  respectively,  64,  128,  256,  512,  1,024, 
2,048,  and  4,096  vibrations  per  second,  the  last  C  corresponding 
to  the  highest  note  of  a  7j-octave  pianoforte.  If,  however, 
twelve  perfect  fifths,  covering  exactly  the  same  distance 
(C-G  G-D,  D-A,  A-E,  E-B,  B.F|,  F|-Ct,  Ct-G*,  G|-Df, 
D#-Ajf,  A|:-E#,  Ejt-Bf),  are  taken  at  the  ratio  of  f  vibrations, 
the  last  and  highest  note — Bj — should  have  a  fraction  under 
4,152  vibrations,   or  a  difference  of  fifty-six  vibrations  between 

33  The  usual  pitch  is  slightly  higher  than  this ;  but  it  is  sufficiently  near  for 
the  purpose,  and,  as  stated  in  par.  14,  this  is  the  simplest  figure  from  which  to 
work  the  resultants. 
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the  enharmonic  Bj  and  Ct].^*  This  difference,  in  tempered 
intonation,  would  be  adjusted  or  distributed  throughout  the 
twelve  perfect  fifths.  The  *'  tempering "  begins  with  various 
foiirths  and  fifths  at  the  middle  of  the  keyboard  ;  then  the 
octaves  are  tuned  perfectly  upwards  to  the  highest  notes  and 
downwards  to  the  lowest.  So  it  comes  that  "  tuning  "  a  piano- 
forte means  putting  it  slightly  out  of  tune^  as  far  as  just 
intonation  is  concerned. 

Resultants. 

123.  Resultants  are  tones  which  can  be  heard  whenever  two 
musical  notes  are  sounded  together,  loudly  and  continuously. 
Giuseppe  Tartini  (1692-1770),  the  celebrated  Italian  violinist,  and 
composer  of  the  well-known  sonata,  "  II  trillo  del  Diavolo,"  was 
probably  the  first  to  discover  resultants,  and  made  great  use  of 
them  in  teaching  double-stopping  on  the  violin  ;  they  have 
consequently  often  been  called  TartinVs  Tones.  Other  names  for 
them  are  Differential  or  Combinational  Tones.  They  have  lately 
been  introduced  in  the  Technical  Exercises  of  "A  Modern  School 
for  the  Violin,"  by  Messrs.  Wilhelmj  and  Brown. 

124.  The  first  cause  for  the  existence  of  resultants  is  as 
follows  : — If  the  vibration  number  of  the  lower  of  two  notes  less 
than  an  octave  apart  is  subtracted  from  that  of  the  higher,  the 
remainder  will  give  the  vibration  number  of  a  still  deeper  note, 
and  it  is  this  deeper  note  which  will  sound  as  a  resultant.  Hence 
the  meanings  of  the  various  terms  : — Resultant,  the  result  of  the 
blending  together  of  two  notes;  differential,  the  difference  in  rate 
of  vibration  between  two  different  sounds  ;  combinational,  a  tone 
produced  by  the  combination  of  two  sounds. 

125.  It  is  a  somewhat  curious  fact  that  many  violinists  will 
continue  to  play  for  years  without  noticing  or  hearing  resultants ; 
but  the  moment  attention  is  drawn  to  their  existence  the  ear  is 
quickly  attracted  to  them.  It  is  a  debatable  question  whether 
listening  for  resultants  is  a  help  or  otherwise  to  the  violin  student ; 
nevertheless,  whenever  the  proper  resultants  are  heard  it  is  a  sure 
sign  that  at  least  the  two  notes  producing  them  are  in  good  tune 
together. 

126.  For  example,  if  in  tuning  together  the  A  and  E  strings  of 
a  violin  one  clearly  hears  the  lower  A  as  a  resultant,  it  is  a  guide 
that  the  two  open  strings  are  in  good  tune  ;  similarly,  one  should 
hear  the  lower  octave  D  when  tuning  the  D  and  A  strings,  and  the 

3*  The  above  example  will  explain  the  correct  meaning  of  the  term 
enharmonics :  viz.,  intervals  of  less  than  a  semitone.  As  enharmonic  notes 
are  all  tuned  alike  on  the  pianoforte  the  only  difference  usually  observable  is 
a  change  of  notation;  but  it  will  be  perfectly  apparent  that  in  m.usic  for 
unaccompanied  strings  or  voices  it  is  quite  possible  to  correctly  observe 
enharmonic  modulations  and  just  intonation. 
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lower  octave  G  when  tuning  G  and  D  ;  but  the  very  deep  resultants 
are  much  more  difficult,  and  often  impossible  to  hear. 

127.  When  beginning  to  listen  for  resultants,  it  will  be  as  well 
to  play  at  first  the  open  A  and  E  strings,  loudly  and  with  a  well- 
sustained  tone.  The  resultant  will  be  A  below  the  lines;  for 
taking  the  vibration  number  of  open  A  at  426f ,  that  of  the  open 
E  will  be  640,  as  640  is  f  of  426f ;  now  sulDtract  the  lower  from 
the  higher  number  and  it  leaves  213J,  which  will  be  the  vibration 
number  of  the  lower  octave  A. 

128.  The  following  table  shows  the  resultants  to  all  the  simple 
consonant  intervals.  The  vibration  numbers  are  given  to  each 
note,  and  double  notes  have  been  chosen  which  are  easy  to  play 
on  the  violin  : — 
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129.  From  the  foregoing  the  following  general  deduction  may 
be  made  : — 

Resultant. 

\  /the  same  as  \ 

perfect  fifth  deeper  than 
major  sixth  ,, 

an  octave  ,, 

an  octave  and  perfect  fifth 

deeper  than 
two  octaves  deeper  than 
two   octaves  and   a    major 

/  V     third  deeper  than  /  ^ 

130.  It  will  be  noticed  that  inside  an  octave  the  snmlley  the 
interval  is   the  deeper  will  be  the  resultant.     Beyond  an  octave 


Interval. 
An  Octave 
A  Major  Sixth 
A  Minor  Sixth 
A  Perfect  Fifth 
A  Perfect  Fourth 

A  Major  Third 
A  Minor  Third 


bJO    . 

£  t 

<U 

o 

c 


the  resultant 
example  : — 


lies  between   the  two  notes  of  the   interval ;    for 


640 


768 


1024 


256  256  256 

Major     Major    Double 
Tenth.  Twelfth.  Octave. 


384 


512 


768 


INTONATION  AND  RESULTANTS. 


55 


131.  In  scales  of  thirds  and  sixths  the  resultants  come  out 
very  clearly.  They  will  be  distinctly  heard,  too,  if  the  thirds  and 
sixths  are  taken  as  single  notes  on  two  violins,  provided  the 
players  stand  near  each  other.  They  are  heard  best  in  an  empty 
room.     The  following  examples  may  be  of  service: — 
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fl 
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^- 
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l-i  l-«  Si 

000 


Ih  ll  IH 

000 


1^        ^ 
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nz: 
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132.  Students  who  wish  to  further  pursue  the  subject  of  sound 
in  any  of  its  bearings  are  referred  to  the  list  of  works 
mentioned  in  the  beginning. 


The   End. 


INDEX. 


Air  Particles 
,,    Receiver 
Amens 
Amplitude 
Atmospheric  Vibrations 

Bach 

Beats 

Bells 

Bluebottle.. 

Bow,  Placing  of   . . 

Chord  Combinations 
Combinationals     .. 
Composite  Clangs 
Consonant  Intervals 

Dampers    .. 
Damping    . . 
Differentials 
Dissonant  Intervals 

Ear  and  Vibrations 
,,   Cultivation  of 
,,   Limits  of 

Echo 

Enharmonics 

Ether 


93. 


FAR. 

19 
90 
20 
2,  6, 
22,  26,  48 

90,  122 

119 — 121 

113  {^) 

8 
. .  102 

. .  112 
123,  124 
104,  113 
100,  118 

..  50 

..  40 

123,  124 

. .  100 

..   18 
..   9 

••  13 

..  28 

..  122 

..  19 


Nodes 


PAR. 


40,  54,  60,  76,  77,  98,  106 


Flageolets 

Flute 

Fundamental 


..         ..         113  (^) 

113  (rf) 

36,  43,44,47.  "3.  114 


Harmonics — 

Artificial 

Conflicting 

Dissonant 

Fingering  of 

Flat 

Highest  natural 

How  to  prevent 

Inaudible 

In  human  voice 

Natural  . .       96,  108, 

Summary  of  facts 

Tone-colour  and    44, 
Helmholtz 
Humming  Bird     .. 
Hydrogen  Gas 

Just  Intonation     . . 

Loudness    . . 

Major  Tonic  Chord 
Mosquito    . . 
Musical  Sound 
Mute 


114 — 116 

..   112 

..  112 

..82 

99,111 

109,  no 

100 — 105 

. .     44 

113  (^) 

109,  no,  113 

..   113 

102,  103,  104 

..  44,  113  {e) 

..       8 

..     19 

..    122 

. .     20 

. .  87,88,92 
..  8 
..7—9 
..     67 


How  formed 
How  prevented 


Noise 

Octave 

Organ  Pipes 

Paganini 
Pedal 

Pendular  Law 
Pitch 

Raff's  Cavatina 
Resonance . . 
Resonator  . , 


. .    107 
100 — 106 

••       7 

..    118 
..     27 

..    116 


50,  93 

. .     21 

14,  30,  58,  63,  82,  118 

..103 

22,  23,  25,  26,  27 

. .     44 


Schumann  . . 

Segments    . . 

Siren 

Sound,  Cause  of  . . 

,,       Conductors 

,,       Reflection  of 

,,       through  a  vacuum 

,,       Transmission  of  ..    15,  16,  17, 

29.30 

,,       Velocity  of 
Sound- Waves 
Sounding  Board    .. 
Speaking-Tubes    . . 
Spohr  on  Harmonics 
Strings — Pianoforte 
Syren 


9 
,.     40 

II 
..2,3 
..  25 
28,  107 

19 


.  29 
5.  107 
23.52 
6,28 
.   116 

50.52 
,.     II 


Tartini  Tones 
Tempered  Intonation 
Tierce  de  Picardie 
To-and-fro  movement 
Tone-colour 

„        quality 

„        Single 
Trichord     . . 
Tuning 

„       fork 
Tyndall      . . 

Unison 


Vacuum 
Vibration 


Wave-motions 


..  123 
..  122 
88, 90 
3.4,21 
113  (^) 
69,  100,  103,  104, 113 

93 

50 

122 

..22,  113  (e) 


10,  118,  iig 

..     19 

2,  20,  26 

..     24 

•  35.43.51 
..   118 

II 
.    26,  48,  55 

12 

.    2,  3,  5,  26 


in  wood 

of  a  string 

Ratios   . . 

Satisfactory 

Sympathetic 

Unsatisfactory 


Novello  s  Original  Octavo  Editions  of 

ORATORIOS,  CANTATAS,  MASSES,  ODES, 

&c. 


FRANZ  ABT. 


Minster  Bells  (Female  Voices)  Sol-fa,  6d. 
Springtime  (ditto)  Ditto 

(ditto) 

(ditto) 

(ditto) 

(ditto) 

(ditto) 


s.  d. 
I  6 
I  6 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Summer 

The  Fays'  Frolic 

The  Golden  City 

The  Silver  Cloud 

The  Water  Fairies 

The  Wishing  Stone   (ditto) 

J.  H.  ADAMS. 

A  day  in  Summer  (Female  Voices) 

Ditto  (Sol-fa)        

T.  ADAMS. 

The  Cross  of  Christ  (Sol-fa,  6d.)     

The  Holy  Child  (Sol-fa,  6d.) 

The  Rainbow  of  Peace 

B.  AGUTTER. 
Missa    de    Beata    Maria    Virgine,     in     C 

(English)  (Female  Voices)  

Missa  de  Sancto  Albano  (English) 

THOMAS  ANDERTON. 

The  Norman  Baron  

Wreck  of  the  Hesperus  (Sol-fa,  4d.) 

Yule  Tide      

J.  H.  ANGER. 

A  Song  of  Thanksgiving  

W.  I.  ARGENT. 

Mass  in  B  flat  (St.  Benedict)  

P.  ARMES. 

Hezekiah        

St.  Barnabas  

St.  John  the  Evangelist  

A.  D.  ARNOTT. 
The  Ballad  of  Carmilhan  (Sol-fa,  is.  6d.) 

Young  Lochinvar  (Sol-fa,  6d.) 

E.  ASPA. 

Endymion  (With  Recitation) 

The  Gipsies 

ASTORGA. 

Stabat  Mater  

J.  C.  BACH. 

I  wrestle  and  pray  (Sol-fa,  2d.)       

J.  S.  BACH. 
A     Stronghold     sure     (Choruses     only, 

Sol-fa,  6d.)  

Be  not  afraid  (Sol-fa,  4d.)       

Bide  with  us 

Blessing,  Glory,  and  Wisdom 

Christmas  Oratorio         

Ditto        (Parts  i  &  2)         

Ditto        (Parts  3  &  4)         

Ditto        (Parts  5  &  6)  

God  goeth  up  with  shouting 

God  so  loved  the  world  

God's  time  is  the  best  (Sol-fa,  6d.) 

Jesus,  NOW  will  WE  praise  Thee         

Jesu,  priceless  Treasure  (Sol-fa,  6d.) 

Magnificat  in  D       

Mass  in  B  minor 

Missa  Brevis  in  A  

My  Spirit  was  in  heaviness 

O  light  Everlasting  (Sol-fa,  6d.)     

Sleepers,  wake  (Sol-fa,  6d.)      

The  Lord  is  a  Sun  and  Shield  

The  Passion  (St.  John) 

The  Passion  (St.  Matthew)      

Ditto  (Abridged,  as  used  at  St.  Paul's) 

Thou  Guide  of  Israel     

When  will  God  recall  my  spirit      

Jesus  sleeps,  what  Hope  remaineth 


I    6 
0    6 


A.  S.  BAKER. 


s.  d. 
I    6 


2  6 

3  o 


2    6 


4  0 

3  6 

6  6 

2  6 

I  0 


Communion  Service  in  E 

J.  BARNBY. 

Rebekah  (Sol-fa,  gd.)        

The  Lord  is  King  (Psalm  97)  (Sol-fa,  is.) 
King  all  Glorious  (Sol-fa,  i|d  ) 

LEONARD  BARNES. 
The  Bridal  Day      

J.  F.  BARNETT. 

Paradise  and  the  Peri 

The  Ancient  Mariner  (Sol-fa,  2S.)    ... 

The  Raising  of   Lazarus  

The  Wishing  Bell  (Female  Voices) 
Ditto  ditto  (Sol-fa) 

MARMADUKE  BARTON. 

Mass  in  A  major  (For  Advent  and  Lent)  ...  i 
BEETHOVEN. 

A  Calm  Sea  and  a  Prosperous  Voyage    ...    0 

Choral  Fantasia  (Sol-fa,  3d.) i 

Choral  Symphony 2 

Ditto  (Vocal  Portion)  ...  i 
Ditto  (Sol-fa)  o 

Communion  Service  in  C  

Engedi;   or,  David  in  the  Wilderness    ... 

Mass  in  C       

Mass  in  D       

Meek,  asThou  livedst, hast  Thou  departed 

Mount  of  Olives  (Choruses,  Sol-fa,  6d.)  ... 

Ruins  of  Athens  (Sol-fa,  6d.) 

The  Praise  of  Music        

A.  H.  BEHREND. 

Singers  from  the  sea  (Female  Voices)     ...     i    6 
Ditto  (Sol-fa)  0     9 

WILFRED  BENDALL. 

A  Legend  of  Brecenz  (Female  Voices      ...  i  6 

Ditto                 (Sol-fa)          0  8 

The  Lady  of  Shalott  (Female  Voices)      ...  i  6 

Ditto                      (Sol-fa)           i  o 

Song  Dances  (Vocal  Suite)  (Female  Voices)  2  o 

KAREL  BENDL. 

Water-Sprite's  Revenge  (Female  Voices)      i    o 

SH^  JULIUS  BENEDICT. 

Passion  Music  from  St.  Peter i  6 

St.  Peter        3  o 

The  Legend  of  St.  Cecilia  (Sol-fa,  is.  6d.)  2  6 

GEORGE  J.  BENNETT. 

Easter  Hymn           i  o 

SIR  W.  STERNDALE  BENNETT. 

International  Exhibition  Ode  (1862)          ...     i  o 

The  May  Queen  (Sol-fa,  6d.) i  o 

The  Woman  of  Samaria  (Sol-fa,  is.)          ...    4  o 

H.  BERLIOZ. 

Faust  (Choruses  and  Words  of  Solos  only  ) 

(Sol-fa,  is.)    2    6 
The  Childhood  of  Christ  (Sol-fa,  8d.).       ...    2    o 

G.  R.  BETJEMANN. 
The  Song  of  the  Western  Men      i     0 

W.  R.  BEXFIELD. 

Israel  Restored     4  0 

HUGH  BLAIR. 

Blessed  are  they  who  watch  (Advent)  ...  i  6 

Harvest-Tide           i  o 

The  Song  of  Deborah  and  Barak       2  6 

JOSIAH  BOOTH. 

The  Day  of  Rest  (Female  Voices)  (Sol-fa,  gd.)    i     6 


31/12/03. 


ORATORIOS,  &c.— Continued. 


KATE  BOUND Y. 
The  Rival  Flowers  (Operetta)  (Sol-fa,  6d.) 
E.   xM.  BOYCE. 

The  Lav  of  the  Brown  Rosarv        

The  Sands  of  Corriemie  (Female  Voices) 

Ditto  (Sol-fa)     

Young  Lochinvar 

J.  BRADFORD. 

Harvest  Cantata 

\V.  F.  BRADSHAW. 
Caspar  Becerra      

J.  BRAHMS. 
A  Song  of  Destiny  

CHARLES    BRAUN. 
Queen  Mab  and  the  Kobolls  (Operetta)  ... 
Ditto  ditto  (Sol-fa) 

Sigurd 

The  Country  Mouse  and  the  Town  Mouse 

^for  Children)  (Sol-fa,  4d.)  

The  Snow  Queen  (Operetta)  (Sol-fa,  6d.)  ... 

A.  HERBERT  BREWER. 

Emmaus  (Sol-fa,  gd.)        

Ninety-Eighth  Psalm     

O  praise  the  Lord  

J.  C.  BRIDGE. 

Daniel 

Resurgam        

Rudel    

J.  F.  BRIDGE. 

Boadicea         

C.allirho'e  (Sol-fa,  is.  6d.)  

Forging  the  Anchor  (Sol-fa,  is.)       

Hymn  to  the  Creator 

Mount  Moriah        

Nineveh  

RocKOF  Ages  (Latin  AND  English)  (Sol-fa,  4d.) 
The  Ballad  of  the  Clampherdown 

Ditto  (Sol-fa) 

The    Cradle    of   Christ    ("  Stabat    Mater 

Speciosa  ")         

The  Flag  of  England  (Sol-fa,  gd.) 

The  Frogs  and  the  Ox  (for  Children) 

Ditto  ditto  (Sol-fa)     ... 

The  Inchcape  Rock         

The  Lord's  Prayer  (Sol-fa,  6d.)         

The  Spider  and  the  Fly  (Female  Voices)  ... 

Ditto  ditto        (Sol-fa)       

DUDLEY  BUCK. 

The  Light  of  Asia  

EDWARD  BUNNETT. 
Out  of  the  Deep  (Psalm  130) 

T.  A.  BURTON. 

Captain  Reece  (Boys'  Voices)  (Sol-fa,  6d.) 

The  Tragedy  of  Cock  Robin  (Short  Action 

Piece)  (Sol-fa,  3d.)      

W.  BYRD. 

Mass  for  Four  Voices 

CARISSIMI. 
Jephthah         

A.  VON  AHN  CARSE. 
The  Lay  of  the  Brown  Rosary       

GEORGE  CARTER. 
SiNFONiA  Cantata  (Psalm  116) 

WILLIAM  CARTER. 

Placida  (Choruses  only,  is.)     

CHERUBINI. 


Fourth  Mass  in  C 

First  Requie.m  Mass,  C  minor  (Lat.  and  En 

Second  Mass  in  D  minor 

Third  Mass  (Coronation)  

E.  T.  CHIPP. 

Job  

Naomi 


...  2 

...  2 

...  I 

G.)  I 

...  2 

...  1 

...  4 

...  2 


2 

0 

0 

9 

5 

0 

I 

0 

I 

0 

I 

6 

I 

6 

I 

0 

S 

6 

I 

6 

4 

0 

2 

6 

2 

6 

6 

0 

0 

6 

0 

0 

0 

8 

6 

6 

0 

6 

0 

0 

0 

0 

6 

0     8 


2     6 


d. 
o 
6 
6 
6 
6 


HAMILTON  CLARKE. 
Drums  and  Voices  (Operetta)  (Sol-fa,  gd.) 
Hornpipe  Harrv  (Operetta)  (Sol-fa,  gd.)  ... 
Pepin  the  Pippin  (Operetta)  (Sol-fa,  gd.)  ... 
The  Daisy  Chain  (Operetta)  (Sol-fa,  gd.) 
The  Missing  Duke  (Operetta)  (Sol-fa,  gd.) 

GERARD  F.  COBB. 
A  Song  of  Trafalgar  (.Men's  Voices)  .,.    2    0 

S.  COLERIDGE-TAYLOR. 

The  Atonement       3  6 

Scenes  from  the  Song  of  Hiawatha 3  6 

I         Ditto                   ditto                     (Sol-fa)    2  o 

Hiawatha's  Wedding-Feast  (Sol-fa,  is.)    ...     i  6 

Ditto            Ditto        (German  words)     marks  3 

The  Death  of  Minnehaha  (Sol-fa,  is.)        ...     i  6 

Hiawatha's  Departure  (Sol-fa,  is.) 2  o 

The  Blind  Girl  OF  Castel-Cuille  (Sol-fa,  is.)  2  6 

Meg  Blane  (Sol-fa,  gd.) 2  o 

FREDERICK  CORDER. 
The  Bridal  of  Trier.main  (Sol-fa,  is.)      ...    2    6 

SIR  MICHAEL  COSTA. 
The  Dream      i    o 

H.  COWARD. 

Gareth   and   Linet  (Choruses   only, 

Sol-fa,  is.)  ...     2    6 

The  Story  of  Bethany  (Sol-fa,  is.  6d.)      ...    2    6 

!  F.  H.  COWEN. 

A  Daughter  of  the  Sea  (Female  Voices)  ...  a  0 

Ditto  ditto  (Sol-fa)  i  o 

A  Song  of  Thanksgiving i  6 

Christmas  Scenes  (Female  Voices) 2  o 

Ditto  ditto  (Sol-fa)        ...  0  9 

Coronation  Ode     i  6 

Ode  to  the  Passions  (Sol-fa,  is.)        2  o 

Ruth  (Sol-fa,  is.  6d.)        4  o 

St.  John's  Eve  (Sol-fa,  is.  Cd.) 2  6 

Sleeping  Beauty  (Sol-fa,  is.  6d.)        2  6 

Summer  on  the  River  (Female  Voices)       ...  2  o 

Ditto  ditto  (Sol-fa)     ...  o  9 

The  Rose  of  Life  (Female  Vv.)  (Sol-fa,  gd.)  2  o 

The  Water  Lily 2  6 

Village  Scenes  (Female  Vv  )  (Sol-fa,  gd.)  ...  i  6 

I  J.  MAUDE  CRAMENT. 

I  WILL  magnify  Thee,  O  God  (Psalm  145)     ...     2    6 
Little  Red  Riding-hood  (Female  Voices)       2    o 

W.  CRESER. 
EuDORA  (A  Dramatic  Idyll)       2     6 

W.  CROTCH. 

t  Palestine        3     o 

W.  H.  CUMMINGS. 
The  Fairy  Ring       2    6 

W.  G.  CUSINS. 
Te  Deum  I    6 

FELICIEN  DAVID. 

The  Desert  (Male  Voices)        I  6 

H.  WALFORD  DAVIES. 

Herve  Riel I  o 

The  Temple 4  ^ 

The  Three  Jovial  Huntsmen  (Folio)          ...  i  6 

P.  H.  DIEMER. 

Bethany  4    o 

M.  E.  DOORLY. 

Lazarus  2    6 

F.  G.  DOSSERT. 

Communion  Service  in  E  minor       2    o 

Mass  in  E  minor 5    "^ 

LUCY  K.  DOWNING. 

A  Parable  in  Song  2    o 

T.  F.  DUNHILL. 

Tubal  Cain i    o 

F.  DUNKLEY. 
The  Wreck  of  the  Hesperus  I    O 


ORATORIOS,  &c.—Conthnied. 


ANTONIN  DVORAK.  s.  d. 

Communion  Service  in  D         2    6 

Mass  in  D        2 

Patriotic  Hvmn       i 

Ditto     (German  and  Bohemian  Words)  3 

Requiem  Mass  5 

St.  Ludmila 5 

Ditto    (German  and  Bohemian  Words)  8 

Stabat  Mater  (Sol-fa,  IS.  6d.) 2 

The  Spectre's  Bride  (Sol-fa,  is.  6d.)  ...  3 

Ditto    (German  and  Bohemian  Words)  6 
A.  E.  DYER. 

Electra  of  Sophocles    i 

Salvator  Mundi       2 

H.  J.  EDWARDS. 

Praise  to  the  Holiest i 

The  Ascension  2 

The  Epiphany  2 

EDWARD  ELGAR. 
The  Apostles  (Parts  I.,  II.)    (Choruses  and 

Words  of  Solos  only,  Sol-fa,  2s.  6d.)   ...  5    o 

Caractacus  (Choruses  ONLY,  Sol-fa,  IS.  6d.)  3    6 

King  Olaf  (Choruses  only.  Sol-fa,  is.  6d.)  3    o 

Te  Deum  and  Benedictus         I     0 

The  Banner  of  St.  George  (Sol-fa,  is  )   ...  16 

The  Black  Knight  2    o 

The  Dream  of  Gerontius  3     6 

(Ditto,  GER>rAN  Words,  6  Marks)  (Ditto, 

Choruses  only.  Sol-fa)       i     6 

The  Light  of  Life  (Lux  Christi) 2    6 

ROSALIND  F.  ELLICOTT. 

Elysium  i    o 

The  Birth  of  Song         i    6 

GUSTAV  ERNEST. 
All    the     year    round     (Female    Voices) 

(Sol-fa,  gd.)        i     6 

A.  J.  EYRE. 

Communion  Service  in  E  flat  i    0 

T.  FACER. 
A     Merry     Christmas     (Female     Voices) 

(Sol-fa,  6d.)        i     0 

Sons     of     the    Empire    (Female     Voices) 

(Sol-fa,  6d.)        i    6 

Red  Riding-Hood's  Reception  (Operetta)  2    6 

Ditto  ditto  (Sol-fa)  ...  o    9 

EATON  FANING. 
Buttercups  and  Daisies  (Female  Voices) 

(Sol-fa,  gd.)        i     6 

HENRY  FARMER. 
Mass    in    B    flat    (Latin    and    English) 

(Sol-fa,  is.)        2    0 

PERCY  E.  FLETCHER. 

The  Old  Year's  Vision  (Operetta) i     6 

Ditto  Ditto  Sol-fa  o    6 

The  Toy  Review  (Operetta)  (Sol-fa,  8d.)   ...  i     6 

The  Enchanted  Island  (Operetta)  ...  2    0 

Ditto  ditto       (Sol-fa)         o    9 

J.  C.  FORRESTER. 

Thb  Kalfndar  (Female  Voices)  (Sol  fa,  gd.)  2    0 

MYLES  B.  FOSTER. 

Snow  Fairies  (Female  Voices)  (Sol-fa,  6d.)  i 

The  Angels  of  the  Bells  (  Female  Voices)  i 

Ditto  ditto  (Sol-fa)  o 

The  Bonnie  Fishwives  (Female  Voices)     ...  i 

Ditto        ditto        (Sol-fa)      o 

The  Coming  of  the  King  (Fe.male  Voices)  i 

Ditto        ditto  (Sol-fa) o 

ROBERT  FRANZ. 

Praise  YE  THE  Lord  (Psalm  117)  i 

NIELS  W.  GADE. 

Christmas  Eve  (Sol-fa,  4d.)       i 

COMALA 2 

Erl-King's  Daughter  (Sol-fa,  gd.)     i 

Psyche  (Sol-fa,  IS.  6d.)      2 

Spring's  Message  (Sol-fa,  3d.) 0 

The  Crusaders  (Sol-fa,  IS.)      2 

-ZiON  I 


HENRY  GADSBY. 

Alcestis  (Male  Voices) 

Columbus      (ditto)  

Lord  OF  the  Isles  (  Sol-fa,  IS.  6d.)      

Ode  (for  s.s.a)  

F.  W.  GALPIN. 
Ye  Olde  Englyshe  Pastymes 

(Female  Voices) 
G.  GARRETT. 

Harvest  Cantata  (Sol-fa,  6d.) 

The  Shunammite      

The  Two  Advents  ..         

R.  MACHILL  GARTH. 

Ezekiel  

The  Wild  Huntsman      

A.  R.  GAUL. 
Around  the  Winter  Fire  (Female  Voices) 

Ditto  ditto         (Sol-fa)  ... 

A  Song  of  Life  (Ode  to  Music)  (Sol-fa,  Cd.) 
Israel  in  the  Wilderness  (Sol-fa,  is.) 

Joan  of  Arc  (Sol-fa,  is  )  

Passion  Service      

Ruth  (Sol-fa,  gd.)  (Choruses  only,  is.) 

The  Elfin  Hill  (Female  Voices) 

The  Hare  and  the  Tortoise  (For  Children) 

Ditto  Ditto  (Sol-fa) 

The  Holy  City  (Sol-fa,  is.)       

The  Legend  cf  the  Wood  (Female  Voices) 

Ditto  ditto  ditto        (Sol-fa) 

The  Ppince  of  Peace  (Sol-fa,  is.)    ... 

The  Ten  Virgins  (Sol-fa,  is.) 

Toilers  of  the  deep  (Female  Voices) 

Una  (Sol-fa,  is.)       

Union  Jack  iUnison  Song  with  Actions) 

FR.  GERNSHEIM. 
Salamis.     a  Triumph  Song  (Male  Voices) 

E.  OUSELEY  GILBERT. 
Santa  Claus  and  His  Comrades  (Cperetta) 
Ditto  ditto  (Sol-fa) 

F.   E.  GLADSTONE. 

Philifpi  

GLUCK. 

Orpheus  (Choruses,  Sol-fa,  is.)         

Ditto  (Act  II.  only) 

HERMANN  GOETZ. 
By  the  Waters  of  Babylon  (Psalm  137) 

NCENIA 

The  Water-Lily  (Male  Voices)         

A.  M.  GOODHART. 

Arethusa        

Earl  Haldan's  Daughter  

Sir  Andrew  Barton         

The  Spanish  Armada       

Founder's  Day,  Ode        

CH.  GOUNOD. 
Communion  Service  (Messe  Solennelle).., 
Ditto     (Troisieme  Messe  Solennelle) 

Daughters  of  Jerusalem  

De  Profundis  (Psalm  130)  (Latin  Words)... 
Ditto  (Out  of  Darkness) 

Gallia  (Sol-fa,  4d.)  

Messe  Solennelle  (St.  Cecilia)        

Mors  et  Vita  (Latin  or  English)       

Ditto,  Sol-fa  (Latin  and  English) 

Out  of  Darkness 

O  COME  near  to  the  Cross  (Stabat  Mater) 
Requiem  Mass  (from  "  Mors  et  Vita  ") 

The  Redemption  (English  Words) 

Ditto  (Sol-fa)  

Ditto  (French  Words)     

Ditto  (German  Words) 

The  Seven  Words  of  Our  Saviour  on  the 

Cross  (Fili^  Jerusalem)    

Troisieme  Messe  Solennelle 

C.  H.  GRAUN. 

Te  Deum         

The  Passion  of  Our  Lord  (Der  Tod  Jesu) 
(Choruses  only,  is.) 
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ORATORIOS,  SiC— Continued. 


ALAN  GRAY. 

ArETHL'SA         

A  Song  of  Redemption 

The  Legend  of  the  Rock-Buov  Bell 
The  Widow  of  Zarephath         

J.  O.  GRIMM. 

Tkh  Soul's  Aspiration 


The  Paraclete 


G.  HALFORD. 
E.'  V.  HALL.' 


Is    IT    NOTHING    TO    VOV    iSOL-FA,  sd.)       

HANDEL. 
Ac:s  AND  Galatea 

Ditto,  New  Edition,  edited  by  J.  Barkby 

Ditto  ditto  (Sol-fa)        

Alceste  

Al£.\ander  Balls 

Alexander's  Feast 

Athaliah 

Belshazzar    

Chandos  Te  Deum 

Coronation  and  Funeral  Anthems.     Cloth 
Or,  singly  : 

Let  thy  hand  be  strengthened 

My  heart  is  inditing  

The  King  shall  rejoice  iSol-fa,  3d.)  ... 

The  ways  of  Zion      

Zadok  the  Priest  (Sol-fa,  iW.) 

Deeoeah  

Dettingen  Te  Deum        

Dixit  Dominus  ifrom  Psalm  iio) 

Esther 

Hercules  (Choruses  only,  is.)... 

Israel  in  Egypt,  edited  by  Mendelssohn 

Israel  in    Egypt,    edited    by   V.  Novello. 

Pocket  Edition  iSol-fa,  is.)         

Jephtka  

Joshua  

Judas  Maccab.€;us  (Sol-fa,  IS.) 

Judas  Maccab-^us.    Pocket  Edition 

Ditto        (Choruses  only) 

L'Allegko       (Choruses  only,  is.)     

Nisi  Dominus  

O  come  let  us  sing  unto  the  Lord  (Fifth 

Chandos  Anthem)         

Ode  on  St.  Cecilia's  Day         

O    fraise    the    Lord    with     one    consent 

(Sixth  Chandos  Anthem) 

O  PRAISE  THE  Lord,  ye  Angels  (Folio)    ... 

Samson  i  Sol-fa.  is.)  

Saul  (Choruses  ONLY,  IS.)  

Semele 

SCLOMON  

Susanna  

Theodora        

The     Messiah,      edited     by     V.    Novello 

iSoL-FA,  IS.)         

The  Messiah,  ditto.     Pocket  Edition 
The  Messiah,  edited  by  W.  T.  Best 

Ditto        (Sol-fa)       

Ditto        (Choruses  only) 

Ditto        edited  by  E.  Prout(Sol-fa,  is.) 

The  Passion 

The   Passion  of  Christ  (.\bridged) 

The  Triumph  of  Time  and  Truth    

Utrecht  Jubilate 

SYDNEY  HARDCASTLE. 
Sing  a  Song  of  Sixpence    Operetta) 
BASIL  HARWOOD. 

Inclina,  Domine  (Psalm  ic)      

F.  K.  HATTERSLEY. 

King  Robert  of  Sicily 

HAYDN. 

First  Mass  in  B  flat  (Latin) 

Ditto        (Latin  and  English) 

Insan.^  et  Van.e  CuR.t  (Ditto;  

Second  Mass  in  C  (Latin)        

Sixteenth  Mass  (Latin) 
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HAVDN. — continued. 

Te  Deum  (English  and  Latinj  

The  Creation  (Sol-fa,  is.)         

The  Creation.    Pocket  Edition        

The  Passion;  or.  Seven  Last  Words  of  our 

S.AVIOUR  UN  THE  CrOSS  

The  Seasons  

Each  Season,  singly  (Spring,  Sol-fa,  6d.) 

Third  Mass  Jmperial)  (Latin  and  English) 

Ditto  (Latin) 

BATTISON  HAYNES. 

A  Sea  Dream  (Female  Voices)  (Sol-fa,  6d.) 
The  Fairies'  Isle  ,Female  Voices)     ... 
The  Sea  Fairies  (Female  Voices)  (SoL-FA,ed  ) 

C.   SWINNERTON   HEAP. 
Fair  Rosamond  (Sol-fa,  2s.;  (Choruses  only, 
is.  ed.) 

EDWARD  HECHT. 

Eric  the  Dane         

O  may  I  JOIN  THE  Choir  Lnvisible        

GEORG  HENSCHEL. 

Out  of  Darkness  (Psalm  130) 

Stabat  Mater  

Te  Deum  laudamus  in  C  

HENRY  HILES. 

The  Crusaders        

God  is  our  refuge  

War  in  the  Household  

FERDINAND  HILLER. 

A  Song  of  Victory  (Sol-fa,  gd.)  

Nala  and  Damayanti         

All  they  that  trust  in  Thee         

H.  E.  HODSON. 
The  Golden  Legend        

HEINRICH  HOFMANN. 

Champagnerlied  (Male  Voices)         

Cinderella     

Melusina        

Song  of  the  Norns  (Female  Voices) 

C.  HOLLAND. 
After  the  Skirmish         

T.  S.  HOLLAND. 
King  Goldemar  (Operetta)  ^SoL-FA,  gd.)     ... 
GUSTAV  VON  HOLST. 

The  Idea  (Operetta)  (Sol-fa,  6d.)      

HUMMEL. 

Alma  Virgo  (Latin  and  English)        

Communion  Service  in  B  flat 

Ditto  in  E  flat 

Ditto  in  D  

First  Mass  in  B  flat        

Qucd  in  Orbe  (Latin  and  English)    

Second  Mass  in  E  flat 

Third  Mass  in  D      

W.  H.  HUNT. 

Stabat  Mater  

G.  F.  HUNTLEY. 
Puss-in-Boots  (Operetta)  (Sol-fa,  gd.) 
Vict(jr:a  ;      or,      the      Bard's      Prophecy 
(Sol-fa,  is.)         

H.  H.  HUSS. 

.\VE  Maria  (Female  Voices        

F.  ILIFFE. 

Sweet  Echo 

OLIVER  IVE. 
La  belle  dame  sans  merci       

W.  JACKSON. 
The  Year         

G.  JACOBI. 
Cinderella  (Operetta)  (Sol-fa,  is.) 
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ORATORIOS,  Sec— Continued. 


D.  JENKINS. 

Dayid  and  Saul  (Sol-fa,  2s.)      

A.  JENSEN. 

The  Feast  of  Adonis       

W.  JOHNSON. 

EccE  Homo      

H.  FESTING  JONES. 
King  Bulbous  (Operetta;  (Sol-fa,  8d.) 
C.  WARWICK  JORDAN. 

Blow  ye  the  trumpet  in  Zion 

N.  KILBURN. 

By  THE  Waters  of  Babylon 

The  Lord  is  my  Shepherd  (Psalm  23) 
The  Silver  Star  (Female  Voices)    ... 
ALFRED  KING. 

The  Epiphany  

OLIVER  KING. 
By  the  Waters  of  Babylon  (Psalm  137) 

The  Naiads  (Female  Voices) 

The  Romance  of  the  Roses     

The  Sands  o'  Dee  (Sol-fa,  2d.) 

J.  KINROSS. 
Songs  in  a  Vineyard  (Female  Voices) 
Ditto  (Sol-fa) 

H.  LAHEE. 
The  Sleeping  Beauty  (Female  Voices) 

Ditto  (Sol-fa) 

G.  F.  LE  JEUNE. 

Communion  Service  in  C  

First  Mass  in  C     

EDWIN  H.  LEMARE. 
'Tis  the  Spring  of  Souls  today 
Communion  Service  in  F 

LEONARDO  LEO. 

Dixit  Dominus         

F.  LEONI. 

The  Gate  of  Life  (Sol-fa,  IS.) 

H.  LESLIE. 

The  First  Christmas  Morn       

F.  LISZT. 
The  Legend  of  St.  Elizabeth 

Thirteenth  Psalm 

C.  H.  LLOYD. 

A  Hymn  of  Thanksgiving  

Alcestis  (Male  Voicesj 

Andromeda     

A  Song  OF  Judgment         

Hero  and  Leander 

Rossall  

Sir  Ogie  and  the  Ladie  Elsie 

The  Gleaners'  Harvest  (Female  Voices) 

The  Longbeard's  Saga  (Male  Voices) 

The  boNG  OF  Balder         

The  Righteous  live  for  evermore 

CLEMENT  LOCKNANE. 
The  Elfin  Queen  (Female  Voices)  ... 

HARVEY  LOHR. 
The  Queen  of  Sheba  (Choruses  only,  is.) 

W.  H.  LONG  HURST. 
The  Village  Fair  (Female  Voices)    ... 

C.  EGERTON   LOWE. 
Little  Bo-Peep  (Operetta)  (Sol-fa,  4d.) 

HAMISH  MacCUNN. 
Lay  of  the  Last  Minstrel  (Sol-fa,  is.6d. 
Lord  Ullin's  Daughter  (Sol-fa,  8d.)... 

G.  A.  MACFARREN. 

AjAX  (Greek  Pla"*) 

May  Day  I  Sol-fa,  6d.)        

Outward  Bound       

Songs  in  a  Cornfield  (Female  Voices) 
Ditto  ditto  (Sol-fa)    ... 

St.  John  THE  Baptist       

Ditto  Choruses  only  (Sol-fa) 
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C.  A.  MACFARREN.— Co»^/«Mf^.  £,d. 

The  Lady  of  the  Lake     3    o 

Ditto  Choruses  only  (Sol-fa)     i     6 

The  Soldier's  Legacy  (Operetta)    6    0 

A.  C.  MACKENZIE. 

Bethlehem     

Ditto         Act  H.,  separately      

Jason       

Jubilee  Ode 

The  Bride  (Sol-fa,  8d.)     

The  Cotter's  Saturday  Night  (Sol-fa,  is.) 

The  Dream  OF  JuBAL         

Ditto  Choruses  only  (Sol-fa)... 

The  New  Covenant  

The  Rose  of  Sharon  (Sol-fa,  28.) 
The  Procession  of  the  Ark  (Choral  Scene) 
Ditto  ditto.  (Sol-fa) 

The  Story  of  Sayid         

Veni,  Creator  Spiritus 

C.  MACPHERSON. 
By  the  Waters  of  Babylon  (Psalm  137)  ...    2    o 

L.  MANCINELLI. 
Ero  e  Leandro  (Opera) 5    o 

F.  W.  MARKULL. 
Roland's  Horn  (Male  Voices) 2    6 

F.  E.  MARSHALL. 

Prince  Sprite  (Female  Voices)  2    6 

Choral  Dances  from  Ditto      i    o 

GEORGE  C.  MARTIN. 

Communion  Service  in  A i  o 

Ditto  in  C i  o 

Festival  Te  Deum  in  A  (Sol-fa,  2d.)         ...  o  6 

J.  MASSENET. 
Manon  (Opera)        6    o 

J.  T.   MASSER. 
Harvest  Cantata i    0 

J.  H.  MAUNDER. 
Penitence,  Pardon,  and  Peace  (Sol-fa,  is.)       i    6 

J.  H.  MEE. 
Delphi,  a  Legend  of  Hellas  (Male  Voices) 

Horatius  (Male  Voices) 

missa  solennis  in  b  flat  

MENDELSSOHN. 

Antigone  (Male  Voices)  (Sol-fa,  is.) 

As  the  Hart  pants  (Psalm  42)  (Sol-fa,  6d.)... 

Athalie  (Sol-fa,  8d.)         

Ave  Maria  (Saviour  of  Sinners)   (Double 

Choir)       

Christus  (Sol-fa,  6d.)       

Come,  let  us  sing  (Psalm  95)  (Sol-fa,  6d.)    ... 

Elijah  (Sol-fa,  is.)  

Elijah  (Pocket  Edition)  

Festgesang  (Hymns  of  Praise)  (s.a  t  b. 

Ditto        (Sol-fa)       

Ditto        (Male  Voices)(t.t.b.b.) 
Hear  my  prayer  (s.  solo  and  Chorus) 

Ditto        ditto        

Ditto         (Sol-fa) 

Hymn  of  Praise  (Lobgesang)  (Sol-fa,  6d.)  ... 
Judge  me,  O  God  (Psalm  43)  (Sol-fa,  i.^d.) 
Lauda  Sion  (Praise  Jehovah)  (Sol-fa,  gd.)  ... 
Lord,  how  long  wilt  Thou  (Sol-fa,  ^d.) 

LoRELEY  (Sol-fa,  6d.)        

Man  is  Mortal  (Eight  Voices)  

Midsummer  Night's  Dream  (Female  Voices) 

Ditto  ditto  <  Sol-fa) 

My  God,  why,  O  why  hast  Thou  forsaken 

me  (Psalm  22) 

Not  unto  us,  O  Lord  (Psalm  115)        

CEdipus  at  Colonos  (Male  Voices) 

St.  Paul  (Sol-fa,  is.)         

St.  Paul  (Pocket  Edition)         

Sing  to  the  Lord  (Psalm  98) o    8 

Six  Anthems  for  the  Cathedral  at  Berlin. 

For  8  voices,  arranged  in  4  parts      ...     0    8 
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MENDELSSOHN.— Co;/^/;i«^r/.  s. 

Son  and  Stranger  (Operetta)  4 

The  First  VValpcrgis  Night  (Sol-fa,  is.)  ...  1 

Three  Motets  for  Female  Voices i 

(Ditto,  Sol-fa,  ijd.,  2d.,  and  2d.  each.) 

To  THE  Sons  OF  Art  (Male  Voices) i 

Ditto  (Sol-fa)      0 

When  Israel  out  of  Egypt  came  (Sol  fa,  gd.)  i 

Why  rage  fiercely  the  Heathen     o 

R.  D.  METCALFE  .and  A.  KENNEDY. 

Prince  Ferdinand  (OpEFfETTA)  (Sol-fa, gd.)...  2     0 
MEYERBEER. 

Ninety-first  Psalm  (Latin)     i    0 

Ditto  (English)  i    o 

A.  MOFFAT. 

A  Christmas  Dream  (Cantata  for  Children)    i    0 
Ditto  (Sol-fa)      0    4 

B.  MOLIQUE. 

Abraham  3    0 

J.  A.   MOONIE. 
A      Woodland     Dream    (Female     Voices) 

(Sol-fa,  gd.)         2     o 

KiLLiiCRANKiE  (Sol-fa,  8d.)        i    6 

MOZART. 
Communion  Service  in  B  flat  (Latin  and 

English) 

First  Mass  (Latin  and  English)      

Glory,  Honour,  Praise.  Third  Motet 
Have  mercy,  O  Lord.  Second  Motet 
King  Thamos  

LiTANIA    DE   VeNERABILI   AlTARIS   (IN  E   FLAT) 

Litania  de  Venerabili   Sacramento   (in   B 

FLAT)  

O  God,  when  Thou  appearest.  First  Motet 
Kequiem  Mass         

Ditto  (Latin  and  English) 

Ditto  Ditto  (Sol-fa)  ... 

Seventh  Mass  in  B  flat  

Splendente  te,  Deus.     First  Motet 

Ditto                          Ditto       (Sol-fa) 
Twelfth  Mass  (Latin) 

Ditto    (Latin  and  English)  (Sol-fa,  gd.) 

E.  MUNDELLA. 
Victory  of  Song  (Female  Voices)      i     0 

DR.  JOHN  NAYLOR. 
Jeremiah         3    0 

J.  NESVERA. 
De  Profundis  2    6 

E.  A.  NUNN. 

Mass  in  C       2    0 

E.    CUTHBERT    NUNN. 
The  Fairy  Slipper  (Children's  Opera)      ...     2    o 
Ditto  ditto         (Sol-fa)    0    » 

A.  OLEARY. 
Mass  of  St.  John i    6 

REV.  SIR  FREDK.  OUSELEY. 
The  Martyrdom  of  St.  Polycarp     2    6 

R.  P.  PAINE. 

The  Lord  Reigneth  (Psalm  g3)         i  o 

PALESTRINA. 

Communion  Service  (Missa  Pap^e  Marcelli)  2  6 

Communion  Service  (Assumpta  est  Maria)  2  6 

Missa  Assumpta  est  Maria      2  6 

Missa  Brevis 2  6 

Missa  "O  Admirabile  Commercium ''  ...  2  6 

Missa  Pap/E  Marcelli     2  0 

Stabat  Mater         1  6 

H.  W.  PARKER. 

A  Wanderer's  Psalm        2  6 

Hora  Novissima       3  6 

Legend  of  St.  Christopher     5  o 

The  Kobolds i  6 
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C.  H.  H.  PARRY.  s.  d. 

Agamemnon  (Greek  Play)         3  o 

A  Song  of  Darkness  and  Light       2  0 

Blest  Pair  of  Sirens  (Sol-fa,  8d.)    i  o 

Ditto      (English  and  German  Words) 

Marks  2.50 

De  Profundis  (Psalm  130)          2  0 

Eton      2  o 

Invocation  to  Music       2  6 

Job  (Choruses,  Sol-fa,  is.)        ... 2  6 

Judith  (Choruses,  Sol-fa,  2s.) 5  o 

King  Saul  (Choruses,  Sol-fa,  is.  6d.)          ...  5  o 

L'Allegro  (Sol-fa,  is.  6d.)          2  6 

Magnificat     1  6 

Ode  to  Music          i  6 

Ode  on  St  Cecilia's  Day  (Sol-fa,  is.)          ...  2  o 

Prometheus  Unbound      3  o 

Te  Deum  Laudamus          2  6 

The  Glories  of  our  Blood  and  State        ...  i  0 

The  Lotus-Eaters  (The  Choric  Song)     ...  2  0 

War  and  Peace       3  0 

Ditto  Choruses   and  Words  of 

Solos  only  (Sol-fa) 1  6 

Voces  Clamantium   (The  Voices  of  them 

that  Cry)          2  o 

B.  PARSONS. 

The  Crusader         3  6 

T.  M.  PATTISON. 

May  Day  i     0 

^London  Cries  2    o 

The  Ancient  Mariner  (Choruses  only,  is.)      2    6 
The  Lay  of  the  Last  Minstrel  (Choruses 

only,  is.) 2    6 

The  Miracles  of  Christ  (Sol-fa,  6d.)  ...     i     o 

A.  L.  PEACE. 

St.  John  the  Baptist  (Sol-fa,  is.)    2    6 

PERGOLESI. 
Stabat  Mater  (Female  Voices)  (Sol-fa,  6d.)    i     o 

CIRO  PINSUTL 

Phantoms— Fantasmi  nell'  ombra     i    o 

PERCY    PITT. 

Hohenlinden  (Men's  Voices) i     6 

V.  W.  POPHAM. 

Early  Spring  i    0 

J.  B.    POWELL. 
Pange  Lingua   (Sing,   my   Tongue) i     6 

A.  H.  D.  PRENDERGAST. 

The  Second  Advent        i     6 

C.  E.  PRITCHARD. 

KUNACEPA  0 4      0 

E.  PROUT. 

Damon  and  Phintias  (Male  Voices)  ... 

Freedom  

Hereward       

Queen  Aimee  (Female  Voices) 

The  Hundredth  Psalm  (Sol-fa,  4d.)... 
The  Red  Cross  Knight  (Sol-fa,  2s.) 
PURCELL. 

Dido  and  ^Eneas  

Ode  on  St.  Cecilia's  Day         

Te  Deum  and  Jubilate  in  D i    o 

Ditto     (Edited  by  Dr.  Bridge)  (Sol-fa,  6d.)    i    o 
Ditto  (Latin  arrangement  BY  R.R.  Terry)   i    o 

King  Arthur 2    o 

The  Masque  IN  "  Dioclesian" 2    o 

LADY  RAMSAY. 

The  Blessed  Damozel 2    6 

G.   RATHBONE. 
Vogelweid  the   Minnesinger   (Children's 

Voices)  (Sol-fa,  6d.) i    0 

F.  J.  READ. 

The  Song  of  Hannah      i    0 

J.  F.  H.   READ. 

Bartimeus      I    6 

Caractacus 2    6 

Harold  4    0 


ORATORIOS,   Scc.—  Coutinufd, 


J.  F.  H.  READ.— Continued. 

In  the  Forest  (Male  Voices) 

Psyche  (Choruses  only,  2s.)       „ 

The  Consecration  of  the  Banner 

The  Death  of  Young  Romilly 

The  Hesperus  (Sol-fa,  gd.)        

DOUGLAS  REDMAN. 
Cor  Unam,  Via  Una   (Female  Voices) 

C.  T.  REYNOLDS. 
Childhood  of  Samuel  (Sol-fa,  is.) 

ARTHUR  RICHARDS. 
Punch  and  Judy  (Operetta)  (Sol-fa,  6d.)  ... 
The  Waxwork  Carnival  (Operetta) 

Ditto  ditto      (Sol-fa) 

J.  V.  ROBERTS. 

Jonah     

The  Passion 

W.  S.  ROCKSTRO. 
The  Good  Shepherd        

J.  L.  ROECKEL. 
Little  Snovv-VJ^hite  (Operetta)  (Sol-fa,  gd.) 

The  Hours  (Operetta)  (Sol-fa,  gd.) 

The  Silver  Penny  (Operetta)  (Sol-fa,  gd.) 

EDMUND  ROGERS. 
The  Forest  Flower  (Female  Voices) 

ROLAND  ROGERS. 
Florabel  (Female  Voices)  (Sol-fa,  is.) 
Prayer  and  Praise  (Oblong) 

F.    ROLLASON. 

Stood    the    Mournful    Mother    Weeping 

(Stabat  Mater  Dolorosa)  

ROMBERG. 
The  Lay  of  the  Bell  (New  Edition,  trans- 
lated BY  the  Rev.  J.  Troutbeck,  D.D.) 

Ditto  (Sol-fa) 

The  Transient  and  THE  Eternal  (Sol-fa,  4d.) 

ROSSINL 

Moses  in  Egypt      

Stabat  Mater  (Sol-fa,  is.)       

CHARLES  B.  RUTENBER. 
Divine  Love 

ED.  SACHS. 

King-Cups       

Water  Lilies  

C.  SAINTON-DOLBY 

Florimel  (Female  Voices)        

CAMILLE  SAINT-SAENS. 
The    Heavens    declare  —  Cceli    enarrant 

(Psalm  19)  

W.  H.  SANGSTER. 

Elysium  

FRANK  J.  SAWYER. 

The  Soul's  Forgiveness  

The  Star  in  the  East 

C.  SCHAFER. 
Our  Beautiful  World  (Operetta) 

H.  W.  SCHARTAU. 

Christmas  Holidays  (Female  Voices) 

SCHUBERT. 
Communion  Service  in  A  flat  


Ditto 

IN 

B    FLAT 

Ditto 

IN 

C 

Ditto 

IN 

E   FLAT 

Ditto 

IN 

F 

Ditto 

IN 

G 

Mass 

IN  A  flat 

Do. 

IN    B    FLAT 

Do. 

IN    C 

..'. 

Do. 

IN    E    FLAT 

Do. 

IN  F  (Sol-fa 

.9d-) 

Do. 

IN   G 

SONQ 

OF,  Miriam  ( 

Sol-fa,  6d.)     '. 

s.  d. 

I  0 

5  o 

I  6 

I  6 

I  6 
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I     6 


2  6 

2  0 

2  O 

2  0 
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I  6 


I  o 
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1  0 

6  0 

1  0 

2  6 

I  0 

1  o 
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I 

0 

2 

6 

2 

6 

0 

6 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

2 

0 

I 

0 

I 

0 

I 

0 

2 

0 

I 

0 

I 

0 

I 

0 

SCHUMANN. 

Advent  Hymn,  "In  Lowly  Guise" 

Faust     

Manfred  

Mignon's  Requiem 

New  Year's  Song  (Sol-fa,  6d.)  .. 
Paradise  and  the  Pkri  (Sol-fa,  is.  6d.) 

Pilgrimage  of  the  Rose  

Requiem  

The  King's  Son        

The  Luck  of  Hdenhall  (Male  Voices)     ... 

The  Minstrel's  Curse     

Song  of  the  Night  ...        

H.  SCHUTZ. 
The  Passion  of  our  Lord        

BERTRAM  LUARD  SELBY. 

Choruses      and      Incidental      Music      to 

"Helena  in  Troas"...         ...         

Summer  by  the  Sea  (Female  Voices) 
The  Waits  of  Bremen  (For  Children)     ... 
Ditto  ditto  (Sol-fa) 

H.  R.SHELLEY. 
Vexilla  Regis  (The  Royal  banners  forward 
go) 

E.  SILAS. 


Communion 
Joash 
Mass  in  C 


Service  in  C. 


R.  SLOMAN. 


Constantia 

Supplication  and  Praise  

HENRY  SMART. 
King  Rene's  Daughter  (Female  Voices)   .. 
Ditto  ditto  (Sol-f,a) 

The   Brile  of   Dunkerron  (Sol-fa,  is.  6d.) 

J.  M.  SMIETON. 
Ariadne  (Sol-fa,  gd.)         

CONNLA 

King  Arthur  (Sol-fa,  is.)  

ALICE  MARY  SMITH. 

Ode  to  the  North-East  Wind  

Ode  to  the  Passions       

The  Red  King  (Men's  Voices) 

The  Song  of  the  Little  Baltung   (ditto) 


Ditto 


Mass  in  D 


(Sol-fa) 

E.  M.  SMYTH. 

A.  SOMERVELL. 


.4d.) 
8d.) 


Elegy 

King  Thrushbeard  (Operetta) 

Ditto  (Sol-fa)     

Mass  in  C  minor       

Ode  to  the  Sea  (Sol-fa,  is.)      

Princess  Zara  (Operetta)  (Sol-fa,  gd.) 
The  Charge  of  THE  Light  B RIG ade(Sol-fa 
The  Enchanted  Palace  (Operetta) 

(Sol-fa, 

The  Forsaken  Merman 

The  Power  of  Sound  (Sol-fa,  is.)    

The  Seven  Last  Words 

R.  SOMERVILLE. 

The 'Prentice  Pillar  (Opera) 

W.  H.  SPEER. 
The  Jackdaw  of  Rheims  

SPOHR. 

Calvary  

Fall  of  Babylon    

God,  Thou  art  great  (Sol-fa,  6d.)     

How  lovely  are  Thy  dwellings  fair 

Hymn  to  St.  Cecilia        

Jehovah,  Lord  of  Hosts 

Last  Judgment  (Sol-fa,  is.)      

Mass  (Five  Solo  Voices  and  Double  Choir) 
The  Christian's  Prayer 


s.  d. 
o 
o 
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5 
o 
o 
o 
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6 
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0 

I 

0 

I 
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0 
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2  o 

1  6 

2  O 
I  O 


2      0 


ORATORIOS,  &c.— Continued. 


JOHN  STAINER. 
St.  Mary  Magdalen  (Sol-fa,  is.) 

The  Crucifixion  (Sol-fa,  gd.) 

The  Daughter  of  Jairus  (  Sol-fa,  gd.) 

C.  VILLIERS  STANFORD. 

Carmen  S.eculare 

Communion  Service  in  G  

East  to  West  

Eden      

God  IS  our  Hope  (Psalm  46)       

Mass  in  G  major      

CEdipus  Rex  (Male  Voices)      

The  Battle  of  the  Baltic        

The  Revenge  (Sol-fa, gd.) 

Ditto         (German  Words) 
The  Voyage  of  Maeldune         

F.  R.  STATHAM. 
Vasco  da  Gama        

BRUCE  STEANE. 

The  Ascension        

H.  W.  STEWARDSON. 
Gideon  

STEFAN  STOCKER. 
Song  of  the  Fates  

J.  STORER. 

Mass  of  our  Lady  of  Ransom  

The  Tournament    

E.  C.  SUCH. 

God  is  our  Refuge  (Psalm  46) 

Narcissus  and  Echo  (Choruses  only,  is.)   ... 

ARTHUR  SULLIVAN. 

Festival  Te  Deum  (Sol-fa,  is.) 

Te  Deum  (Thanksgiving  for  Victory) 

Ditto  ditto  (Sol-fa) 
Ode  for  the  Colonial  and  Indian  Exhibition 
The  Golden  Legend  (Sol-fa,  2s.)       

T.  W.  SURETTE. 
The  Eve  of  St.  Agnes      

W.  TAYLOR. 
St.  John  the  Baptist        ...  Paper  boards 

A.  GORING  THOMAS. 
The  Sun-Worshippers      

E.  H.  THORNE. 
Be  merciful  unto  me      

G.  W.    TORRANCE. 
T'/r.  Revelation      

BERTHOLD  TOURS. 

A  Festival  Ode      

The  Home  of  Titania  (Female  Voices)    ... 
Ditto  ditto  (Sol-fa) 

FERRIS  TOZER. 

Palaam  and  Balak 

King  Neptune's  Daughter  (Female  Vo 
Ditto  ditto  (Sol-fa) 

P.  TSCHAIKOWSKY. 

Nature  and  Love  (Female  Voices)  ... 
Ditto  (Sol-fa) 

VAN  BREE. 

St.  Cecilia's  Day  (Sol-fa,  gd.) 

CHARLES  VINCENT. 
The  Little  Mermaid  (Female  Voices) 
The     Village     Queen      (Female      Voi 
Ditto  ditto  (Sol-fa) 

A.  L.  VINGOE. 

The  Magician  (Operetta)  (Sol-fa,  gd.) 


s.  d. 
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o    6 


W.  S.  VINNING. 

Song  OF  the  Passion  (St.  John)  

S.  p.  WADDINGTON. 

John  Gilpin  (Sol-fa,  8d.)  

VVhimland  (Operetta)  (Sol-fa,  8d.) 

R.  WAGNER. 
Holy     Supper    of    the     Apostles    (Male 
Voices)     

W.  M.  WAIT. 

God  with  us 

St.  Andrew 

The  Good  Samaritan        

R.  H.  WALTHEW. 

The  Pied  Piper  of  Hamelin       

H.  W.  WAREING. 

Princess  Snowflake  (Operetta)  (Sol-fa,  6d.) 
The   Court   of   Queen    Summergold 

(Operetta)  (Sol-fa,  6d.)       

The  Wreck  of  the  Hesperus  

HENRY  WATSON. 

In  praise  of  the  Divine  (Masonic  Ode) 

A  Psalm  of  Thanksgiving  

WEBER. 

Communion  Service  in  E  flat 

In  Constant  Order  (Hymn)       

Jubilee  Cantata      

Mass  in  E  flat  (Latin  and  English) 

Mass  in  G  (ditto)  

Preciosa  

Three  Seasons         , 

T.  WENDT. 
Ode         

S.  WESLEY. 

Dixit  Dominus  

Exultate  Deo  

In  exitu  Israel        

S.  S.  WESLEY. 

O  Lord,  Thou  art  my  God  

FLORENCE  E.  WEST. 
A  Midsummer's  Day  (Operetta)  (Sol-fa,  6d.) 

JOHN  E.  WEST. 
Lord,  I  have  loved  the  Habitation  of  thy 

House       

May-Day     Revels     (Sol-fa,     4d.)     (Female 

Voices)     

Seed-Time  and  Harvest  (Sol-fa,  is.) 
The  Story  of  Bethlehem  (Sol-fa,  gd.) 

C.  LEE  WILLIAMS. 

A  Harvest  Song  of  Praise      

Gethsemane  

The  Last  Night  at  Bethany  (Sol-fa,  is.)  ... 
A.  E.  WILSHIRE. 

God  is  our  Hope  (Psalm  46)      

THOMAS  WINGHAM. 

Mass  in  D  (Regina  Cceli)  

Te  Deum  (Latin)     

CHAS.  WOOD. 

Ode  to  the  West  Wind  

F.  C.  WOODS. 
A  Greyport  Legend  (1797)  (Male  Voices)  ... 

Ditto  ditto  (Sol-fa) 

King  Harold  (Sol-fa,  gd.)         

Old  May-Day  (Female  Voices)  (Sol-fa,  6d.) 

E.  M.  WOOLLEY. 
The  Captive  Soul  (Soprano,  Mezzo,  Con- 
tralto, and    Tenor   Soli,  and   Chorus 

for  Female  Voices) 

D.  YOUNG. 
The  Blessed  Damozel 
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Most  of  the  above  Works  may  be  had  in  paper  boards  at  6d.  each  extra,  or  handsomely 
bound  in  cloth,  with  red  or  gilt  edges,  at  is.,  is.  6d.,  or  2s.  each  extra. 


NOVELLO'S 

Music  Primers  and  Educational  Series. 


Edited  by  Sir  JOHN  STAINER  and  Sir  C.  HUBERT  H.  PARRY. 


s.  d. 


1. 

2. 

3- 
4. 
5- 
6. 

7- 
8. 

9- 

10. 

II. 

12. 

13- 
14. 

15- 
16. 

17- 
18. 
19. 
20. 
21. 
22. 

23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31- 
32 


The  Pianoforte  

The  Rudiments  of  Music 

The  Organ 

The  Harmonium  

Singing      

Speech  in  Song  {Singer's  Pronouncing  Primer) 

Musical  Forms 

Harmony   


Counterpoint 

Fugue        

Scientific  Basis  of  Music. 
Double  Counterpoint 
Church  Choir  Training 
Plain  Song 
Instrumentation 


E. Pauer 

,  VV.  H.  Cummings 

. .  J.  Stainer 

King  Hall 

A.  Randegger 

A.  J.  Ellis,  f.r.s. 

E.  Pauer 

. .   J.  Stainer 


J.  F.  Bridge 

James  Higgs 

W.  H.  Stone 

J.  F.  Bridge 

Rev.  J.  Troutbeck 

Rev.  T.  Helmore 

E.  Prout 


The  Elements  of  the  Beautiful  in  Music E.  Pauer 

The  Violin         Berthold  Tours 

Tonic  Sol-fa J.  Curwen 

Lancashire  Sol-fa James  Greenwood 

Composition        J.  Stainer 

Musical  Terms Stainer  and  Barrett 

The  Violoncello        ..         ..         ..         ..        ..         ..         ..         ..  Jules  de  Swert 

Two-part  Exercises  (396) James  Greenwood 

Double  Scales Franklin  Taylor 

Musical  Expression Mathis  Lussy 

Solfeggi  (Both  Notations)  (or  in  Three  Parts,  is.  6d.  each)..     Florence  Marshall 

Organ  Accompaniment         J.  F.  Bridge 

The  Cornet        H.  Brett 

Musical  Dictation.     Parti.  Dr.  Ritter 

Do.        Do.  Part  II.        Dr.  Ritter 

Modulation        James  Higgs 

Double  Bass A.C.White 

32A.  Appendix  TO  Double  Bass A.C.White 

33.  Extemporization         ..  F.J.Sawyer 

34.  Analysis  of  Form,  as  displayed  in  Beethoven's  Pianoforte  Sonatas 

H.  A.   Harding 

500  Fugue  Subjects  and  Answers         A.  W.  Marchant 

Hand  Gymnastics        T.  Ridley  Prentice 


35- 
36. 

37- 

37A 

38. 

39- 

39A 

40. 

41. 

41A 

42. 

43 


Musical  Ornamentation.     Parti.  

Do.  Do.  Part  II 

Transposition 

The  Art  of  Training  Choir  Boys        

Do.  Do.  (Exercises  only) 

Biographical  Dictionary  of  Musicians 

Examples  in  Strict  Counterpoint.     Parti. 
Do.  Do.  Part  II. 

Summary  of  Musical  History C.  H.  H.  Parry 

Musical  Gestures J.  F.  Bridge 

43A.  Rudiments  in  Rhyme J.  F.  Bridge 

44.     Basses  and  Melodies  ^  Ralph  Dunstan 

First  Steps  at  the  Pianoforte Francesco  Berger 

A  Dictionary  of  Pianists  and  Composers  for  the  Pianoforte      ..     E.  Pauer 

Organ  Pedal  Technique.     Parti. B.W.Horner 


, .  E.  Dannreuther 

. .  E.  Dannreuther 

J.  Warriner 

G.  C.  Martin 

G.  C.  Martin 

. .  W.  H.  Cummings 

Gordon  Saunders 

Gordon  Saunders 


45- 
46. 

47- 
47A 
48. 
49. 
50. 
50A 

51- 
52. 
53- 
54- 
55- 
56. 
57- 
58. 
"59- 


Do.  Do.  Part  II 

Twelve  Trios  by  Albrechtsberger 
Fifty  Three-part  Studies  (Both  Notations) 
Choral  Society  Vocalisation 

Do.   The  Exercises  Adapted  &  Arranged  for  Female  Voice 

Two-part  Solfeggi 

History  of  the  Pianoforte 
Scales  and  Arpeggios 

Sonata  Form       

A  Dictionary  of  Violin  Makers 

Analysis  of  Bach's  48  Preludes  and  Fugues  (or  in  Four  Parts 

Appendix  to  "  Analysis  of  Form  " 

Harmonization  of  Melodies 

"  Braille  "  Music-Notation  (To  enable  sighted  teachers  to  instruct'the  blind) 

E.  Watson 
60.     Five-part  Harmony F.  E.  Gladstone 

(To  be  continued.) 
*  Published  in  paper  boards  only. 

Any  oj  the  above  may  be  had  strongly  bound  in  boards,  price  6d.  each  extra,  with  the  exception  of 

Nos.  5,  26,  37,  37A,  and  56,  which  are  is.  each  extra;  and  Nos.  47A,  51,  and  57, 

which,  are  only  published  in  paper  covers, 


B.  W.  Horner 

,  A.  W.  Marchant 

J.  E.  Vernham 

. .   J.  Stainer 

A.  W.  Marchant 

James  Higgs 

A.  J.    HiPKINS 

Franklin  Taylor 

W.  H.  Hadow 

.,  C.  Stainer 

,  is.  each)  F.  Iliffe 

H.  A.  Haki  ing 

J.  E.  Vernham 


London:     NOVELLO    AND    COMPANY,   Limited. 


ORATORIOS,  CANTATAS,  &c. 


PRICE  ONE  SHILLING   EACH. 


Adams,  T. — The  Holy  Child. 
Anderton,  T. — The  Norman  Baron. 

The  Wreck  of  the  Hesperus. 

Aspa,  E. — The  Gipsies. 
AstOFga — Stabat  Mater. 
Bach — God  so  loved  the  World. 
God  goeth  up  with  shouting. 

God's  time  is  the  best. 

Mv  SPIRIT  was  in  he.aviness. 

O  Light  everlasting. 

Bide  with  us. 

A  stronghold  sure. 

Magnificat. 

Thou  Guide  of  Israel, 

Jesu,  priceless  Treasure. 

Jesus,  now  will  we  praise  Thee. 

When  will  God  recall  my  spirit. 

Barnby,  J. — rebekah. 

BeethOYen — The  Choral  Fantasia. 

The    Choral    Symphony    (the   Vocal 

portion). 

Engedi. 

Mount  of  Olives. 

Mass,  in  C  {Latin  Words). 

*Mass,  in  C. 

Ruins  of  Athens. 

Bendl,    Karel.  —  Water- Sprite's    Re- 
venge (Female  Voices). 

Bennett,  G.  J.— Easter  Hymn. 

Bennett,   Sir  W.   S. — Exhibition  Ode, 

1S62. 
Betjemann,  G.   R.— The  Song  of  the 

Western  Men. 
Blair,  Hugh.— Harvest-tide. 
Brahms,  J. — a  Song  of  Destiny. 
Bridge,  J.  F. — »Rock  of  Ages. 

The  Inchcape  Rock. 

The  Lord's  Prayer. 

Bunnett,  E. — Out  of  the  deep  (Ps.  130). 
Garissiaii — jephthah. 

Cherubini— *Requiem  Mass,  in  C  minor. 
Third  Mass,  in  A  (Coronation). 

Fourth  Mass,  in  C. 

Costa,  Sir  M.— The  Dream. 

Cowen.  F.  H. — a  Song  of  Thanksgiving. 

DaYies,  H.  W.— Herve  Riel. 

Dimkley,     F.  —  The    Wreck    of    the 

Hesperus. 
Ellicott,  Rosalind  F.— Elysium. 

Franz,  Robert. — praise  ye  the  Lord 

(117th  Psalm). 


Gade,  Niels  W. — zion. 

Spring's  Message.    8d. 

Christmas  Eve. 

The  Erl-King's  Daughter. 

Garrett,  G. — Harvest  Cantata. 

Garth,  R.  M. — The  Wild  Huntsm.\n. 

Gaul,  A.  R. — A  Song  of  Life. 

Goetz,  Hermann. — By  the  Waters  of 
Babylon. 

Ncenia. 

Goodhart,  A.  M.  —  Earl  Haldan's 

Daughter. 

Sir  Andrew  Barton. 

Gounod,  Ch. — de  Profundis  (Ps.  130). 

Ditto  (Out  of  Darkness). 

Messe  Solennelle  (Latin  Words). 

The  Seven  Words  of  our  Saviour  on 

the  Cross. 

Daughters  of  Jerusalem. 

*Gallia. 

Gray,  Alan.— The  Legend  of  the  Rock- 
Buoy  Bell. 

Grimm,  J.  0. — The  Soul's  Aspiration. 

Hecht,  E. — O  may  I  JOIN  THE  Choir  In- 
visible. 

Handel. — Chandos  Te  Deum. 

Ode  on  St.  Cecilia's  Day. 

The  Ways  of  Zion. 

Mf.ssiah  (Pocket  Edition). 

IsRALL  in  Egypt  (Ditto). 

Judas  Maccabeus  (Ditto). 

Dettingen  Te  Deum. 

Utrecht  Jubilate. 

O  Praise  the  Lord. 

Acis  and  Galatea. 

Acis     and     Galatea,      Edited    by    J 

Barnby, 
O  come,  let  us  sing  unto  the  Lord. 

Dixit  Dominus, 

Haydn. — The  Creation  (Pocket  Edition). 

Spring.    Summer.    Autumn,   Winter, 

» First  Mass,  in  B  flat, 

First  Mass,  in  B  flat  (Latin). 

Second  Mass,  in  C  (Latin). 

Third  Mass  (Imperial).    (Latin). 

«Tkird  Mass  (Imperial). 

*Te  Deum. 

Hiller,  Dr. — a  Song  of  Victory 

Hofmann,    H.  — Song    of    the     Norns 

(Female  Voices.) 
Holland,  C— .\fter  the  Skirmish, 
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Hummel. — First  Mass,  in  E  flat. 

Second  Mass,  in  E  flat. 
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Prout,  E.— Freedom. 
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Lowe,  Claude  Egerton 

Lessons  in  harmonics  for 
violinists  and  other  musical 
students 


UNIVERSITY  OF  TORONTO 


EDWARD  JOhi^SON 
MUSIC   LIBRARY 


London:  NOVELLO  AND  COMPANY,  Limited. 


NOVELLO'S 

Music  Primers  and  Educational  Si  ui 

Edited  by  Sir  JOHN  STAINER  and  Sip  C.  HUBERT  H.  P/  ^ 

I—  •  i» Z 

1.  The  Pianoforte  '^'    O 

2.  The  Rudiments  OF  Music W.  H,  Cuk   ^ 

3.  The  Organ  J.  S:   '-' 

4.  The  Harmonium  King   I— 

5.  Singing A,  Rand   ^ 

6.  Speech  in  S'ong  (Singer's  Fro^ionncing  Frimey)  ..         ..         ..A.J.Ellis    _| 

7.  Musical  Forms E.     |_ 

».    Harmony J- Si   3 

9.    Counterpoint J.  F.  E 

10.    FuGUK        James 

XI.     Scientific  Basis  of  Music W.  H. 

12.    DouBLL  Counterpoint         J.  F.  B 

15.    Church  Choik  Traim.ng Rt-v.  J.  Trout.. . 

14.  Plain  Song         RuV.  T.  Helmore  2 

15.  Instrumentation         E.  Prout  2 

16.  The  Elements  of  the  Blautuul  in  Music E.  Pauer  i 

17.  The  Violin         Berthold  Tours  2 

18.  Tonic  Sol-fa f.  Curwen  i 

19.  Lancashire  Sol-fa James  Grelnwood  i 

20.  Composition       J.  Stainer  2 

21.  Musical  Terms Stainer  and  Barrett  1 

22.  The  Violoncello        Jules  de  Swert  2 

23.  Two-part  Exercises  (39G) James  Greenwood  1 

24.  Double  Scales Franklin  Taylor  i 

25.  Musical  Expression Mathis  Lussy  3 

26.  Solfeggi  (Both  Notations)  (or  in  Three  Parts,  is.  6rf.  each). .     Florence  Marshall  4 

87.    Organ  Accompaniment  J.  F.  Bridge  2 

28.    The  Cornet        H.Brett  2 

29^  ■  Musical  Dictation.    Parti.  Dr.  Ritter  i 

30.  Do.        Do.  Part  II Dr.  Ritter  2 

31.  MoaOLATioN        Jambs  Higgs  2 

32.  Doi;be4.Bass J A.C.White  3 

32A.  Appen*di'x  TO  Double  Bass f A.C.White  3 

33.  Extemporization         *' F.J.Sawyer  2 

34.  Analysis  of  Form,  as  displayed  in  Beethoven's  Pianoforte  Sonatas 

H.  A.  Harding  2 

35.  500  Fugue  Subjects  AND  Answeks         A.  W.  Marchant  3 

36.  Hand  Gymnastics        T.  Ridley  Prentice  i 

37.  Musical  Ornamentation.    Parti.  E.  Dannreuther  5 

37A.  Do.  Do.  Part  II E.  Dannreuther  5 

38.  Transposition J.  Warriner  2 

39.  The  Art  of  Training  Choir  Boys     ^ G.C.Martin  3 

39A.  Do.  Do.  (Exercises  only)      ..         ..         G.C.Martin  i 

40.  Biographical  Dictionary  of  Musicians         W.  H.  Cummings  2 

41.  Examples  in  Strict  Counterpoint.     Part  I,           ..        ..         Gordon  Saunders  3 
41A.             Do.                         Do.                       Part  II,         ..        ..          Gordon  Saunders  3 

42.  Summary  OF  Musical  History     ..        ..        C.  H.  H.  Parry  2 

43.  Musical  Gestures J.  F.  Bridge  2 

43A.  Rudi.ments  IN  Rhyme ..         ..         ..  J.  F.  Bridge  o 

44.  Basses  AND  Mllodils  Ralph  Dunstan  2 

45.  First  Steps  at  thi;  Pianoforte Francesco  Berger  2 

46.  A  Dictionary  oj    I'tanists  and  Compuseks  fuk  the  Pianoforte      ..     E.  Pauer  2 

47.  Organ  Pedal  Ti  c;... 101  1:.     Part  I B.W.Horner  2 

J7A.  Do.  Do.  Part  II B.W.Horner  2 

48.  Twelve  Trios  BY  Albkechtsblkgek A.  W.  Marchant  1 

49.  Fifty  Three-pakt  Studies  (Both  Notations) J.  E.  Vernham  i 

50.  Choral  Society  V,,.,vi.ic5ATioN     ..        .  J.  Stainer  2 

50A.       Do.    The  ExERci  Ls  Adapted  &Ark.\;vGed  FOR  Female  Voices  A.  W.  Mapx-hant  i 

51.  Two-part  Solfeggi     ..         ..         Ja-'I.'  Higgs  i 

52.  History  of  THE  PiANoi      ■  ^         A.]    Hir  ins  2 

53.  Scales  AND  Arpeggios  TrankiV,  Taylor  2 

54.  Sonata  Form      ,. W.  4.  Hadow  2 

55.  A  Dictionary  OF  VioLi.N    ..Iakef  .  C   Stainer  2 

56.  Analysis  of  Bach's  48  Preludes  and  Fugues  (or  in  Four  Parts,  is.  each)  F    Iliffe  3 

57.  Appendix  TO  "  analysis  OF  FopM  " H.A.Harding  o 

58.  Harmonization  of  Melodies J,  E.  Vernham  1 

*59.    "  Braille  "  Music-Notation  (Tc>  enable  sighted  teachers  to  instruct  the  blind) 

_  E.  WATsrN  7 

60.  Five-part  Harmony F.E.Gladstone  2 

61.  The  Viola         Berthold  Tours  2 

62.  Harmonics  AND  Resultants        C.E.Lowe  1 

(To  be  continued.) 
*  Published  in  paper  boards  only. 

Any  uf  the  above  may  be  had  strongly  bound  in  boards,  price  6d.  each  extra,  wit'i  the  exception  oj 

Nos.  5, 26,  37,  37A,  and  56,  which  are  is.  each  extra;  and  Nos.  47A,  51,  and  57, 

which  are  only  published  in  paper  covers. 
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